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[The present Edition has been revised throughout; it differs from the 
preceding one in many particulars, especially in containing a Memoir 
on Surveys, by Major Wilson, b.b., and a few useful Tables ; also the 
form of the book has been altered for the convenience of Travellers.] 



(Preface to the Third Edition, December, 1871. Edited by Admiral Sir 
Geobge Back, f.b.s., Vioe-Admiral Collinson, c.b., and Francis Galton, 
Esq., P.B.S.) 

Applications are frequently made by travellers to the Koyal Geographical 
Society, for instructions by which they may make their labours useful to 
Geography. 

The Council have always shown themselves disposed to pay consider- 
able attention to such applications, when they proceed from persons who 
are zealously engaged in preparing themselves for arduous enterprises. 

If a specific question be addressed to the Council on some particular 

instrument or point of equipment, they usually refer it to a Fellow of the 

Society, whose experience might enable him to afford a satisfactory answer. 

But a question of a more general nature, on the best instrumental outfit 

for an inexperienced traveller, is of such frequent occurrence, and demands 

so lengthened a reply, that the Council thought proper, some years ago, 

to appoint a Committee * for its full consideration. The Keport of that 

— — — — ^ .^ 

* This Committee consisted of Admiral FitzBoy and Lieut. Baper, b.n., and 
contained papers by Admirals Smyth and Beechey, Colonel Sykes, and Francis 
Galton, Esq. 
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Committee was printed in voL xxiv. of the Journal of the Society, and was 
extensively circulated under the title of ' Hints to Travellers.' When this 
edition became exhausted, we were requested to take the opj)ortunity of 
making a thorough revision of the work. This we did, and now that 
the second edition is out of print, we have again carefully revised the 
pamphlet. The present [third] edition of the * Hints to Travellers ' will 
therefore form the answer of the Council, to whomsoever may request 
information on the subject of which it treats. 

The following remarks are to be understood as addressed to a person 
who, for the first time in his life, proposes to explore a wild country, and 
who asks, "What astronomical and mapping instruments, and other 
scientific outfit ought I to take with me ? and what are the observations 
for latitude and longitude, on which I should chiefly rely ?" To this end 
we give a list of instruments, books, and stationery, complete in itself, so 
that an intending traveller may order his outfit at once. He would then 
be satisfied that no object of real importance had been omitted, that he 
bad bought nothing superfluous, and that the different items corresponded 
together in power and in their several uses. 

Lists drawn up by different travellers of experience would undoubtedly 
vary, for there is considerable difference in their practice ; but an explorer 
would never do wrong, who followed to the letter the list we are about to 
give. His danger lies in adopting scattered hints from many sources, and 
starting with instruments which, though severally good, are, when con- 
sidered as a set, incongruous and incomplete ; and, secondly, in trusting 
to the advice of observers who have little exi)erience of the bush. 

The outfit we recommend, based on the use of sextants and the mercurial 
horizon, would suit an explorer in any part of the world, who desired the 
means of bringing back as good geographical results as the earlier explorers 
of large tracts of land have ever yet succeeded in obtaining. And in this 
list, professedly compiled for an inexi)erienced observer, simple and well- 
known instruments alone find a place. We are very far indeed from 
t/jj'nkjn^ that mak&TB of sextants have yet met all the wants of land 
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travelleris, but we hnoiv that good results may be obtained by such instru- 
ments as are to be bought from any good optician. We therefore urge a 
young explorer to make these his mainstay ; and if he takes other instru- 

* 

ments, to do so more for the purpose of testing and reporting on their 
performances, than of relying in entire confidence upon them. Again, it 
is hazardous for a man hastily preparing himself for a journey, to order 
new apparatus from a maker; he cannot be sure that it will be well made 
or ready in time, and he may have to set sail in the possession of a 
strangely-shaped instrument — very delicate, difficult to pack — whose 
adjustments he has not had opportunity of mastering, and on which it is 
unlikely he will obtain information after his departure; whilst, if he 
determines on buying a sextant, and other well-known instruments, he 
may make his selection out of great numbers that are always to be found 
on sale, and practise himself in their use, under the tuition of the officers 
of the ship, during the whole of his voyage from England. It is therefore 
our object to give a list of instruments with which we advise a traveller 
of little experience to provide himself, and which will be found thoroughly 
adequate to do his work. 

It should be borne in mind that travellers can seldom attain accuracy 
in their observations, perhaps hurriedly made, during a first exploration. 
Latitude within i of a mile, and longitude within i of a degree, is a some- 
what better result than is usually obtained. 



Outfit. 

Examination of Instruments. — Let every Instrument be tested and its 
errors determined and tabulated at the Kew Observatory. This is done 
for a trifling fee. The following are some of the present charges, they 
have imdergone occasional small changes : — Ordinary thermometers. Is. ; 
boiling-point thermometers, 2s. 6c?. ; marine and portable barometers, 10s. ; 
prismatic compasses, 2s. 6<i. ; superior sextants, 5s. Unifilars, dip circles, 
and other magnetic instruments are also ■^«tv^<i^« '^^'^ ^^scca.'?^ ^^^^^s^s^. 
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instruments to and from the Observatory to be paid. Address — " Super- 
intendent of the Kew Observatory, Eichmond, Surrey." The establishment 
lies ten minutes' walk from the Richmond railway station, and is reached 
through a farm-yfurd, leading into a large meadow (which is the Old Deer 
Park). This observatory was established and conducted by .the British 
Association, but is now maintained through a large donation, made by the 
late J. P. Gassiot, Esq., f.b.s., and is under the direction of a Committee 
appointed by the Royal Society. Any persons ordering instruments from 
opticians may direct them to be previously forwarded to Kew for verifica- 
tion, either to the above address, or through the receiving office at the 
Meteorological Office, 116, Victoria Street, Westminster, S.W. 



Packing, — It is difficult to give general rules, because the modes of 
transport vary materially in different countries. Inquiry* should be made 
by the intending traveller at the Royal Geographical Society's rooms, as 
to what would be the best for him. The comers of all the instrument 
cases should be brass-bound ; the fittings should be screwed, and not 
glued ; and the boxes should be large enough to admit of the instruments 
being taken out and replaced with perfect ease. Instrument-makers are 
apt to attend overmuch to comx)actness, making as much as possible go 
into a small solid box, which can easily be put on a shelf; but this is not 
what a traveller wants. Bulk is rarely a difficulty to him, though weight 
is ; and, above all, it is most important that he should be able to get at 
his instruments easily, even in the dark. Also a large light box suffers 
much less from an accidental concussion than a small and heavy one. 
Thermometers travel best when slipped into india-rubber tubes. A coil 
of such tubing will serve as a floor, to protect a case of delicate instru- 
ments from the effects of a jar. Horse-hair is of use to replace old packing, 
but it has first to be prepared by steeping in boiling water, twisting into 
a rope, and, after it is firmly set, chopping it into short pieces. The hairs 
retain their curvature and act as springs. Instruments travel excellently 
when packed in loose, tumbled cloths. 
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Sextant for ^regular work — 

A sextant of G-incli radras, light in weight, by a first-rate maker, 
divided on platinum, to ten minutes. It should have a movable 
ground-glass screen in front of the reading-off lens, to tone down 
a glaring light. (As regards the use of a small level, attached to 
the arm, see ' Knorre's Method,' &c., p. 16.) 

The handle must be large and convenient ; the box capacious enough 
to hold the instrument with its index clamped to any part of the 
arc, and the receptacle for the telescopes long enough to allow of 
their being put into the box when set at focus, with their tubes 
pulled out. 

Sextant for detached expeditions^ and for taking altitudes when the other 
sextant is in use for lunars^-^ 

A sextant of 3-inch radius, graduated to half-degrees, in a leather 
case, fitted to slip on to a leather belt, to be worn round the waist, 
when required. 

Mercurial Horizon — 

One of the self-replenishing artificial horizons, devised by Captain 
George, b.n. (p. 20). It is far more convenient to use than the com- 
mon form of this instrument, and it is accurate enough for ordinary 
observations of latitude and local time. If the traveller aims at 
precision, as in measuring base lines by differences of latitude, he 
should also take with him an artificial horizou of the usual con- 
struction. Mestrve : an iron 3 or 4 ounce bottle of pure mercury. 

Watch— 

A keyless silver half-chronometer watch, not too heavy, with an open 
face and a second hand. The hands should be of black steel, long 
enough to cover the divisions. The divisions should be very clear 
and distinct. See that the second hand falls everywhere truly upon 
the divisions. Reserve: at least two other good watches; these 
should be rolled up separately, each in a loosely-wrapped parcel of 
dry clothes, and they will never come to harm; they should be 
labelled, and rarely opened. The immediate envelop ^3Mis^i!s&.N5R^ 
free from fluff or dirt. Coveia oi GV^mQ\s»\«aJO^'st ^^-^V^^^'^^^^^ 
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before use. Half-a-dozen spare watch-glasses, fitting easily — two 
to each watch (learn from a watchmaker how to put them in). 
Three spare watch-keys ; one might be tied to the sextant-case, one 
wrapped np with each watch. See p. 23 for further particulars. 

Compass — 

A prismatic compass, graduated from 0° to 360°. 

Two pocket compasses, from li to 2 inches in diameter. The gradua- 
tions on their cards should run from 0° to 360°, and not twice over 
from 0° to 180°. A line for True North, temporarily marked on 
the cards, in the position most appropriate to the magnetic varia- 
tion at the country about to be visited, may be found convenient. 
These compasses should be light in weight, have plenty of depth, 
and be furnished with catches, to relieve the needle from its pivot 
when not used. The needles should work steadily and quickly : 
such as make long, slow oscillations are to be avoided. Cards, half 
black and half white, are recommended. (See p. 21 for further par- 
ticulars.) 

Lai tern — 

To be used with oil, and furnished with a large wick. See that there 
is abundant supply of air from air-holes in the sides ; these are 
essential when the lantern is set upon the ground. Also that all 
the internal fittings can be removed and cleaned, and that they are 
solidly made, not merely soldered. It should be furnished with a 
reflector, to throw a clear light forwards and downwards. A good 
lantern is most important. A small ball of spare wick. Oil of the 
best quality. Wax tapers, for use on detached expeditions. 

Thermomfters — 

Three short and stout boiling-point thermometers, with Casellas' 
apparatus for boiling them, of the description used by Alpine 

tourists. 

Three ordinary thermometers, which should be graduated from 10^ 
or more below the freezing- to above the boiling-point. 

Standard tliennometeTB, at a charge of 11, each, graduated at the 
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Kew Observatory, may be obtained thence, on the application of 
any Fellow of the Koyal Society, or Member of the British Associa- 
tion. 

Aneroids — 

Large pocket size (2i inches across), capable of working without 
fracture over the highest mountain pass that is expected. Two 
are required, because simultaneous observations are important. 
Recollect that such observations, taken even at distances of two or 
three hundred miles apart, are of value ; as the areas are usually 
very large over which the barometer has nearly the same height at 
the same moment of time. Aneroids are excellent for most dif- 
ferential observations, but unreliable for absolute ones. They are 
uncertain at high altitudes. 

Memorandum. — Chronometers are designedly omitted from this list, on 
account of the proved difficulty of transporting them without injury, and 
the frequent disappointments they have caused, even to very careful 
travellers. For Barometers, see " Additional Instruments." 

Mapping Instruments — 

A small case of drawing instruments, containing, among other things, 
hair-compasses, beam-compasses, drawing-pen, and rectangular 
protractor. 

Protractors: one circular, of metal, of 5 or 6 inches in diameter; one 
of horn, 5 inches, all graduated, like your compasses, from 0° 
to 360°. 

A graduated ruler of 1 foot or more, in metal ; 2 dozen artist's pins. 
Medium size measuring tape, say 12 yards ; pocket ditto, 2 yards. 

Stationery — 

An artist's board, not less than 8 inches by 13, made of light, well- 
seasoned mahogany and what cabinet-makers call "framed," to 
rule and draw upon. 

Plenty of good ordinary paper. Note-books (not " metallic," for pre- 
pared paper wants strength, and the leaves of such books 8xq.^<»^ 
liable to become torn out and lo«>\»\ \JciK^ ^'t^ ^^tf:^ ^ffljsisy5|^>s^"^*^ 
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They should be all of one size, say 5 inches by 3}, or larger. A 
leather ponch, secured to the waist-belt, having a flap buttoning 
easily over, to hold the note-book in use. 

Two (or three) MS. books of strong ruled paper, foolscap size, each 
with a leather binding ; the pages should be numbered, and journal 
observations, agreements, and everything else of value, written in 
tbem. 

A sheet of blotting-paper cut up and put here and there in the 
ledgers. 

Transparent cloth or paper.) j,„, ^^ 

Carbonised paper. ) 

Marquois's scales; for ruling parallel lines at definite intervals. 

Blank maps, ruled for the latitudes and longitudes of the proposed 
route. 

Plenty of brass pens and holders ; also fine drawing-pens (steel crow- 
quills) and holder. FH pencils ; HB ditto. 

Penknives. India-rubber cut up in bits. 

Ink-powders of a kind that do not require vinegar. Bed ink. 

Paints for maps, viz., Indian ink, sepia, lake, cobalt, gamboge, oxgall, 
in a small tin case. 

A dozen sable i)aint-brushes. 

Materials for " squeezes," if travelling where inscriptions may have 
to be copied. (See p. 71.) 



Itoaks — 



Raper*s Navigation Tables; or, in default of these, either Inman's or 
Norie's. 

Weale's Tables are convenient from their compactness. 

Shadwell's Cards of formulsB. (Potter, 31, Poultry, London. 2s. 6(/.) 
Bethune's Tables for Travellers (Blackwood and Sons). With the 
help of either of these little publications the traveller, who has 
mathematical knowledge, will thoroughly understand what he is 
about, and he may dispense with the usual cumbrous navigation 
tables, confining himself to ordinary tables of logarithms. But we 
have recommended that all travellers should be furnished with 
those navigation tables, because they afford at a single reference 
what otherwise leqiiireB additional trouble to obtain. 



\ 
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' Nautical Almanac ' for current and future years, strongly stitched in 
cloth. 

Some small Almanacs, such as Whitaker's, contain tables of the posi- 
tion of sun and planets, and of stars to be occulted. One of these 
is useful to afford what is necessary to take on a detached expedi- 
tion, the required pages being cut out of it. 

More extended barometric tables than are given in this volume, may 
be procured at the instrument-maker's, or cut out from Guyot's 
elaborate meteorological tables, published by the Smithsonian 
Institution, New York. 

Celestial Maps (uncoloured) pasted on calico (and learn how to use 
them). 

The best maps of the country you are going to visit, that are to be 
obtained. 

Admiralty Manual for the use of Travellers. 

Mem, — Chauvenet's Astronomy (New York, 2 vols.) is one of the 
most complete and thorough of the mathematical works on geodosy 
and astronomical observations. 



Additional Instruments, not necessary, hut convenient. 

Theodolites, (See p. 29.) 

Barometer — (See p. 26.) 

The mercurial barometer filled by the spiral-cord method when 
required, as devised by Capt. George, b.n., is on the whole more 
reliable, and is very much more portable than ordinary mountain 
barometers. The tubes are carried empty, and the risk of breakage 
is thereby materially diminished. 

Telescope for observation of eclipses of Jupiter's satellites (see p. 19). One 
of If -inch object glass (clear aperture), and of 30 magnifying 
power, by a really first-rate maker, and well mounted on a stand 
that can be screwed firmly to a tree or other temporary support 
may perhaps be sufficient, but a larger telescope, more substantially 
mounted, is better. In any case, the telescope should be tried on. 
Jupiter, and found to give a ^aAM^wtoc^ ^<5^ <it *^sis^ ^s&v^^:^?^^^ 
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before it is taken. Such a telescope might very properly be fitted 
with a micrometer for the measurement of base lines (.see p. 19). 

Plane table is very Tiseful and almost essential for careful surveys of 
small tracts of country and for those topographical details which 
interest an antiquary. That by Lendy is one of the best, and its 
adjuncts are very complete. It would replace the artist's board 
mentioned above. The tripod stand that would serve for that, 
would be useful for other instruments. 

Pedometer, 

Pocket level (Abney's), with a mirror to show where the bubble is, when 
it is held to the eye. It also serves as a clinometer for the measure- 
ment of slopes. 

Maxima and minima thern.ometers, \ For meteorological observations. 



Bain gauge, f see p. 45. 



\ 



Extracts from a Letter from John Kibe, m d., p.l.s., &c. 

When Dr. Livingstone and I crossed the mountains and reached Lake 
Shirwa, our outfit was as follows: one 6-inch sextant, one mercurial 
horizon, one pocket chronometer, two prismatic compasses, one pocket 
compass, one field-glass, one aneroid barometer, two common thermometers, 
two boiling-point thermometers (the brass apparatus commonly supplied 
is quite superfluous), botanical paper, arsenical soap, one wide-mouthed 
bottle containing spirits of wine, pocket-lens, knives, note-books, water- 
colours, mathematical tables, nautical almanac, and wax candles. 

The sextant and horizon were under the care of one man. They are on 
no account to be contained in the same box, partly from the danger of escape 
of mercury, but more especially to avoid the severe shock which so heavy 
a weight receives when placed on the groimd, or should it hapi)en to 
strike against a rock or tree ; and these are contingencies to be expected. 
When carried, the limb should be very lightly clamped on the arc. We 
found no better plan when on the march than having the sextant and 
horizon fastened to opposite ends of a bamboo or stick, and carried over 
the shoulders of one of the porters. All the other instruments not carried 
Ifj^ ourselves were packed among the other baggage. We read oflF the 
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sextant by the help of the wax candles, which, from the stillness of the 
nights, we were able to use in the open air. On a short journey such an 
outfit is all that can be desired. 



Manuscript. 

When preparing MS. to be sent home for publication, write each of the 
natives names at leant once, in the clearest handwriting you can command. 
It is best to employ for this purpose the same form of letters that are 
used in printing. Numerous errors and great loss of time now result in 
the attempt to decipher proper names written by travellers in their 
ordinary handwriting only. 



Sextant Observations. 

The learner must recollect, that although the sextant, almanac, and 
logarithmic tables taken by land travellers are identical with those used 
at sea, yet the observations of the landsman and his whole method of 
ordinary work have quite a different character to those of the navigator. 
Therefore much will be found in works written for the use of navigators, 
which the landsman does not want, and, on the other hand, the problems 
he most requires are not those to which such works give most of their 
space. This is owing to several reasons, of which the following are the 
chief : — 

1. A sailor is obliged to measure his altitudes from the sea horizon, 
which is rarely distinct in the night time, and therefore he mainly depends 
on the sun. The landsman is obliged to measure his altitudes from the 
mercurial horizon, and mainly observes stars ; because the double meridian 
altitude of the sun is frequently out of the range of his sextant, and a mid- 
day halt may be inconvenient. The use of stars and the mercurial horizon 
introduces difficulty on the one hand, and great refinement on the other. 

2. In an ordinary sea voyage, the accuracy required for the mupping of 
a country is of no use ; neither could the sailor attain to such accuracy, if 
he wished it. First, because of the uncertainty of the effects of refraction 
upon the apparent position of the sea horizon; secondly, because the 
mercurial horizon gives a double altitude, ^Tx^^ik:^<et^l<5i^'^^^^^^^ 
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to the result; so that a sextant of 3 inches radius on land has the efficacy 
of one of 6 inches at sea ; and, thirdly, because the unsteadiness of the 
ship interferes with the free use of the inverting telescope. 

3. The sailor carries Greenwich time with him by means of his chrono- 
meters. A landsman cannot trust to chronometers. He must find Green- 
wich time by the independent means of lunars, satellites, occultations, 
or moon-culminations. 

4. Positions in the open sea, that cannot be determined by astronomical 
observations, are roughly laid down by Course and estimated Distance 
from the last fixed station. On land, they can be laid down with great 
accuracy by triangulation. 

5. The unsteadiness of the ship makes observation of the satellites, or 
of occultations of stars, an impossibility to sailors, while they are ex- 
ceedingly easy and convenient to land travellers. 

6. Magnetic variation has to be found constantly at sea, owing to the 
rapid change of position and the iron in the ships. On land but few, 
though careful, observations are required (avoiding magnetic rocks). 

General Remarks on Observing. — Endeavour with much forethought to 
balance your observations. Whenever you have to take a star's altitude 
for time east, select and wait, if you are able to do so, for another star as 
nearly as may be of the same altitude west, and use the same telescope, 
horizon roof, &c. If a meridian altitude be taken north, choose another 
star of similar altitude, and take it south ; so also with lunars. In this 
way your observations will be in pairs, and the mean of each pair will 
tend to be independent of all constant instrumental and refraction errors ; 
and by comparing the means of these pairs, one with another, you will 
know your skill as an observer, and estimate with great certainty the 
accuracy that your results have reached. Never rest satisfied with your 
observations, unless you feel sure that you have gained means of 
ascertaining the limit beyond which you certainly are not wi*ong. Weight 
all your observations; that is, when you write them down, put "good," 
" very good," " doubtful," &c., by their sides. 

Nature of Observations : — 
For Latitude — 

1. The meridian altitude of the stars or sun is the simplest and safest. 
Alidtudes of stars in pairs^ N. and s. of the zenith, at or very near to the 
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meridian, afford the perfection of accnracy. It is to be understood that 
several altitudes should be read off, and time noted during the 6 or 10 
minutes before and after the meridian passage. 

2. The altitude of the Pole-star is a ready method in the northern 
hemisphere, but only available with an ordinary sextant and mercurial 
horizon between the N. lats. of about 15° and 60°. Nearer the Equator it 
is too low for the mercurial horizon, and nearer the Pole it is out of the 
range of the sextant. 

3. By three altitudes of the sun or a star taken near the meridian, at 
eqtial intervals of time, and not necessarily restricted to the same side of 
the meridian. (Chauvenet)* 

4. When the sky is partly clouded, secure whatever stars you can 
surely identify, in case the meridian altitude should be lost. Almost any 
two stars, with the interval noted, are sufficient for the determination of 
the latitude, by the more or less troublesome calculations described in 
works on navigation. It is better to observe one or two additional stars 
as a check against mistake. 

For Longitude by lunars, &c, — 

Whenever you intend to observe for longitude, make a regular night of 
it; working hard and steadily, so as to accumulate a mass of careful 
observations, at a small number of stations. 

* Let Oi, a^j ttj, be the three altitudes (it is better that none of them should 
be more than i hour from the meridian); a the required meridian altitude; 
then if 

q — Lt vfli^Qs) J ^ g being expressed in seconds of arc, a = a,, + g. 



(• 



The meridian altitude being thus determined, the latitude can be found in th 
usual manner. (This is a slight but convenient modification of Cliauvubet's 
formula, by Admiral Shadwell.) 

Oi = 43° 8' 20" o, = 43° 15' 30" a, = 43° 4' 0" 

i (Oi + az) = 48 6 1 
«a-i (flti + a, = 9 20 = 560" 

i(Oi'^a,=: 1 5= 65" 

65' 
hence 9 = 5^= 8", and Oj + g = 43° 15' 38". 
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1. Lunar distances. No method is more generally serviceable than Innars. 

They should be made in pairs, with stars e. and w. of moon, and nearly 
equidistant from it. Also the thermometer and the barometer (or its 
equivalent, a thermometer in boiling water) should be noted, and the 
refraction corrected accordingly ; because, if thermometric and barometric 
corrections be omitted, in observations made on a high and heated 
plateau, there will be serious errors in the results. 

A complete pair of lunars, made wholly by one person, consists of the 
following observations, in addition to those for latitude. None of them 
may be omitted. 

An hour before beginning to observe, get everything in perfect order ; 
see that the lamp is well trimmed, its air-holes free, and that it is filled 
with oil. Also rehearse the expected observations, that no hitch may 
occur after they have commenced. Then let the hand and eye have 
ample time to repose, and go on as follows : — 

1. Eead thermometer in air. 

2. Adjust horizon-glass, if necessary. 

3. Two pairs of observations for index error. 

4. Three altitudes for time, star b. 

5. Three altitudes for time, star w. 

6. Five lunar distances, star e. of moon. 

7. Five lunar distances, star w. of moon. 
8*. Three altitudes for time, star w. 
9. Three altitudes for time, star e. 

10. Two pair of observations for index error. 

11. Bead thermometer in air. 

12. Bead barometer (or its equivalent, as thermometer in boiling water). 



The series A may be repeated over and over again, so long as the eye 
and hand can be surely depended on. 

2. Occultations give the longitude with great accuracy, but those of stars 
of the fifth and greater magnitudes, which are easily seen with an ordinary 
telescope, do not often occur. Stars of the sixth magnitude are given in 
the Nautical Almanac, and are less unfrequent ; but it requires a well- 
mounted telescope, of a larger size than travellers usually care to carry, 
yJ7 order to see them (p. 9). IBefore your departure, or when you have 
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leisure, calculate for yourself, or get some one to calculate for you, all 
the stars you could by any possibility see occulted. Shadwell's Tables 
for facilitating the approximate prediction of occultations and eclipses at 
any particular place (Bate, 21, Poultry) are very couvenient for this 
purpose. Out of the list in the Nautical Almanac, only a small portion 
are available,— the occultation occurring in different latitudes, or when 
the star is below your horizon, or in the daytime. 

3. Ecb'pses of Jupiter's satellites occur somewhat more frequently than 
occultations of stars by the moon. They give fair results, and are most 
convenient to a traveller J for they require no calculation at all, except 
for local time. But a good telescope, such as that mentioned in the 
preceding paragraph, and described (p. 9), is required in order to see 
them. 

Notes on Olserving with a Sextant By Francis Galton, f.r.s. 

It may save trouble to others if I mention here the way which, after 
many trials, I adopted of observing with a sextant. During the daytime I 
made out a list of the stars that culminated at convenient hours (see p. 95), 
and their expected altitudes. I set my watch to local time by sunset, if 
it was very wrong, and took care that the minute hand went in corres- 
pondence with the second hand ; that is to say, that the minute hand was 
truly over a division when the second hand pointed seconds. If they 
did not go together, I moved the minute hand till it was rightly set. 
Then I spread my rug north and south in an open spot of ground, 
trampling down the bushes and long grass round it. Next, when the 
time of observing approached, I lighted my lantern and set it on the 
ground in front of my rug ; to this I brought all my instruments, and 
first spreading a small cloth to the right of the lantern, I set my horizon 
on it, filled it with mercury, and covered it with a glass. The cloth was 
to catch any mercury that might be spilled. I then propped up my 
watch to the left of the lantern, laid down my note-book, with the leaves 
tied open, and taking out my sextant, adjusted it to the expected altitude, 
and screwing on the telescope, which always was kept at my focus, I laid 
myself flat down on the rug. Then taking off the roof from the horizon, 
if there happened to be no wind, and turning the glare of the lantern 
away from my eyes, and upon the watch, I made an accurate contact of 
the star with its reflected image; then looking quickly rounds I obsear^^^ 
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t;he watch. I now tamed the lantern towards me^ changed hands with 
the sextant, read off and wrote down, then turned the lantern back on the 
watch, and recommenced. For a meridian altitude I read off and wrote 
down about ten observations, both time and altitude, beginning a little 
before the star reached the meridian, and continuing after it had 'pei- 
ceptibly sunk ; it was thus easy to estimate the meridian altitude with 
accuracy. For greater refinement, in order to measure an important 
base-line, I occasionally protracted these altitudes, and drew a curved 
line through them with a free hand, to guide my judgment in estimating 
the meridian altitude. For lunars, I took tirte with my second sextant 
before beginning; also two or three times during the progress of the 
lunar, and finally at the close of all. I was thus very independent of the 
good going of my watch, for, by observing every half-hour, no watch that 
went at all could go far wrong. 



Knobbe's Method of bringing the Reflection of a Star from the mirrors of 
the Sextant, into contact with the Reflection of the Star in the Mercurial 
Horizon. 

In the observation of the altitude of a star with the artificial horizon, 
it is always troublesome to bring down the image of the star reflected 
from the sextant mirrors to the image reflected from the mercurial 
horizon, or vice versa ; and sometimes, when two bright stars stand near 
each other, there is danger of employing the reflected image of one of 
them for that of the other. A very simple method of avoiding this 
danger, and of facilitating the observation, has been suggested by Pro- 
fessor Knorre, of Russia. It can be proved geometrically that whenever 
the direct and reflected images of any star are made to coincide in the 
field of view of the sextant, the index-glass will be inclined at a constant 
angle to the horizon. (This angle is equal to the inclination of the 
sight-line of the telescope to the horizon-glass.) If, therefore, we attach 
a small spirit-level to the index-arm, so as to make with the index-glass 
an angle equal to this constant angle, the bubble of this level will play, 
whenever the two images of the same star are in coincidence, in the 
middle of the field of view. With a sextant thus furnished, we b^in 
by directing the sight-line towards the image in the mercury; we next 
j22ova the index until the bubble plays, taking care not to lose the image 
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in the mercury. The reflected image from the sextant mirrors will then 
be found in the field, or will be brought there by a slight vibratory 
motion of the instrument about the sight-line. 

A sextant is easily fitted up on this principle, the level being made out 
of a small glass tube of little more than one inch in length. In sextants 
of the usual construction, the reading-lens is attached to a stem that 
turns round a short pillar fixed at right angles to the index-arm; in these 
cases the level may be attached to the same pillar, rotating stiffly round it 
to admit of preparatory adjustment, and then fixed once for all in its 
proper position. 

Silvering Sextant Glasses — 

With Mercury : — The requisites are clean tinfoil and mercury (a hare's 
foot is handy) — lay the tinfoil, which should exceed the surface of the 
glass by a quarter of an inch on each side, on a smooth surface (the back 
of a book), rub it out smooth with the finger, add a bubble of mercury, 
about the size of a small shot, which rub gently over the tinfoil until it 
spreads itself and shows a silvered surface, gently add sufficient mercury 
to cover the leaf so that its surface is fluid. Prepare a slip of paper the 
size of the tinfoil. Take the glass in the left hand, previously well 
cleaned, and the paper in the right. Brush the surface of the mercury 
gently to free it from dross. Lay the paper on the mercury, and the glasff 
on it. Pressing gently on the glass, withdraw the paper. Turn the glass 
on its face, and leave it on an inclined plane to allow the mercury to flow 
oflF, which is accelerated by laying a strip of tinfoil as a conductor to its 
lower edge. The edges may, after twelve hours' rest, be removed. In 
twenty-four hours give it a coat of varnish made from spirits of wine and 
red sealing-wax. It may be as well to practise on small bits of common 
glass, which will soon prove the degree of perfection which the operator 
has attained.— (Extract from 'Nautical Surveying,' by Admiral Sir E. 
Bblcheb, pp. 9, 10.) 

With Silver : — This is a process well understood by many photographers, 
but requiring materials that no ordinary traveller could obtain. 



Observations for Azimuth, — The true bearing of a heavenly body may be 
obtained by means of a sextant either from ob66i:^^l\sssi& ^\ -^jiQ^j^^ssi. ^^s^ 



^ 
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from the apparent time. As the formula for obtaining the latter does not 
appear in many works on Navigation, it is given : — 



Time. 


Azimuth. 


Month. 


Day. 








U. M. S. 


o / 
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Note. — Arc. 2 is of the same affection as the i polar disc, and Co. Lat. : when one is acute so ia 
the other, and v. v. 
Add Arcs I and 2, when polar disc, is greater than Co. Latitude. 
Sublruct ,, „ less „ „ 



The angular distance between the Pole-star, which is only 1° from the 
Pole, and any object on the horizon, affords an approximate and simple 
method of obtaining the true bearing: the formula for the reduction of 
the oblique to the horizontal angle is — 

Beductio7i of Angle, 
5(c and obj. Cosine 



* Alt. 



Secant 



Bed Angle 



Cosine 
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The beariDg of the Pole-star at all times, or that of any other celestial 
object, when near the meridian, affords approximate means of obtaining, 
without calculation, the variation of the compass. 

Base Lines, — By Difference of Latitude — For base-lines the more rapid 
methods of attainment are alone suitable to explorers in wild countries. 
None of these measures is more accurate and speedy than that obtained 
by meridian altitudes of the same heavenly body (star or sun, not the 
moon) at different stations by the same observer with the same instru- 
ments. If the stations are on the true meridian, or nearly so, their 
difference of latitude is their distance ; and if they are otherwise situated, 
their true bearing and their difference of latitude give the distance 
between them. 

By Micrometer or Sextant, and Short Base — Should the traveller carry 
with him a good telescope (p. 9), it is advisable that it should be fitted 
with a micrometer for measuring small angles ; care is, however, requisite 
in seeing that the board or object used for the base is accurately measured, 
and that it is at right angles to the line of sight. In the absence of the 
micrometer, the sextant will give a very fair approximation ; the angle 
should, however, be measured both on and off the arc. Kochon*s micro- 
meter has been used with great effect in the geological survey of Canada. 



Abtifioial Hobizons. 

Mercurial Horizon. — Altitudes taken by its means are thoroughly reliable 
only when the reflections have been observed from the uncovered mercury; 
for it is difficult to procure glass, large enough for the cover, which does 
not sensibly distort the reflections. The errors introduced by the inter- 
position of glass may be partly got rid of by reversing the cover between 
each pair of observations. 

When observing for " equal altitudes," morning and evening, be sure 
that you have the same face of the cover opposite to you on both occasions. 
One of the faces of the cover should be marked for this purpose. 

The trough should not be less than 3i inches inside length, because the 
convex border of the mercury is useless, and the surface of the central 
portion is foreshortened to the observer. 

Captain George*8 Horizon, — A very ingenious, emsylV^ ^sA Hisssi^ -<jaKt- 
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ctirial horizon has been contributed by Stalff-Commander George, b.n., 
formerly Curator of Maps at the Eoyal Creographical Society, and is made 
by Messrs. Gould and Porter, successors to Gary, optician. No. 181, Strand. 
It consists of a disc of glass floating on mercury, in a vessel which it 
nearly fits, and it has an arrangement (applicable also to the common 
mercurial trough) by which the mercury is introduced, ready filtered, 
from an attached reservoir, and afterwards withdrawn, in a manner that 
saves a great deal of trouble. The glass floats without touching the sides 
of the trough, and the whole of the mercury below it is serviceable. A 
very small trough on this principle gives as wide a field of view as a large 
trough used in the ordinary way. There is yet another advantage, in that 
the reflection of the glass causes its under-surface to be optically raised ; 
therefore the edges of the trough cut off proportionately less of the field of 
view. Also, at very low altitudes, the reflection from the upper surface 
of the glass, which may rise above the edges of the trough, becomes so 
bright as to materially reinforce, and even supersede, the reflection from 
the mercury below. Hence very low altitudes may be observed with this 
instrument. It has, besides all this, the great advantage of a peculiar 
steadiness, both when people are walking near it and during wind. 

As regards its accuracy, when the glass is of the best workmanship, the 
mercury pure, and its surface quite clean, the results leave nothing to be 
desired ; but, unless these conditions are scrupulously observed, errors of 
five, or more, minutes in the double altitude, or of half that amount in the 
single altitude, may be easily introduced. Its glasses should be examined 
and approved before it i& taken.* 

Before introducing the mercury into the trough, cleanse the trough 
thoroughly from dust, which will otherwise rise to the surface of the 
mercury, and, when setting the glass afloat, take exactly the same pre^ 
• ■'»*>'■' ■ 

* If the traveller should ever doubt the performance of one of these horizons, 
he may easily test its accuracy by means of any telescope mounted on a stand, 
and fumislied with cross wires. He should direct the telescope down towards 
the mercury and intersect with the cross wires the reflection of some clearly 
defined fixed point ; then reverse or otherwise diaturb tlie horizon, and, after it 
has again settled to rest, observe whether the cross wires continue to intersect 
the reflection of the same point. The point selected should be at many yards* 
distance from the observer, else, if the level of the mercury happen to be raised 
or /owered during the trial, the results would be sensibly vitiated. 
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cautions as in silvering sextant glasses (see p. 17), by putting paper or 
thin silk first on the mercury, and the glass upon that, and then carefully 
withdrawing the paper from under the glass. 



Compasses. 

Prismatic Compass, — The prismatic compass is one of a traveller's most 
useful instruments. Its graduations should be engraved on an aluminum 
ring, on account of the sharpness of the divisions and the lightness of the 
material, and its greater power of withstanding the effects of heat and wet 
than an ordinary card. When using it, if you have no tripod, make a 
pile of stones and lay the cover of the compass on the top, with its bottom 
upwards ; this makes a smooth table for the azimuth compass itself to be 
moved about on. Be on guard against magnetic rocks ; it may happen 
that the bare peaks of high hills, which are the best of places for observing 
from, and which a traveller often makes great sacrifices to reach, will be 
found so magnetic as to render compass observations worthless. A small 
sextant should always be taken up on these excursions. It is of little use 
in a wild country to devote much time to getting accurate bearings, as the 
landmarks themselves are rarely well defined: the main endeavour should 
be not to mistake one hill for another, to judiciously select good angles, 
and to carry on more than one independent scheme of triangulations at 
the same time, by comparison of which the accuracy of the whole may be 
tested. It is surprising how much work may be thrown away by want of 
judgment ; and also how much may be done, with very little trouble, by 
a' person who has acquired a good eye and memory of country. 

It is, perhaps, hardly necessary to call attention to the fact, that in 
prismatic compass-cards the south pole of the magnet is placed under 
the 360°, and the north under the 180°, because in these instruments 
the reading is from the nearer edge of the card towards its centre, 
whereas in an ordinary compass the reading is from the centre of the 
card towards its outer edge. It follows from this that the same compass 
card cannot be used indifferently with or without a prism. Moreover 
the figures intended for use with a prism, have to be drawn not like 
ordinary figures, but like figures seen in a looking-glass, in order that the 
reflection in the prism may show them in their proi^^ ^^>r2*2ssscl« 
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Pocket Compasses. — The patterns on these cards have been greatly im- 
prored of late jears. Until leceutl j it was scarcely possible to meet with a 
compass capaUe of being read in a dim twilight, which is just the time 
when its eaay use is of moat importance to a traveller. A representatioQ 
of perhaps the moBt legible form of card in a &int light is giyen here. 




The better cards are made either of talc covered with paper, or of 
mother-of-pearl.* Both of these materials are heavy, and their weight, of 
coarse, tends to injure the point on which they turn, especially if they 
happen to receive a jar when they are resting on the point, and also to 
make their oscillations sli^gish. These disadvantages are, however, less 

• A disc of alnminum foil, piocnrable at Johnson, Matthey. 4 Co., 77, Hatton 
Garden, London, ia only one-nioth part the weight of a mother-of-pearl card of 
the same aize. It secme equally good as regards durability, and it can be sliaped 
find lettered in any desired manner by embossed etampe or bj perforations. But 
1 bare not yet succeeded in fashioning it into a clearly legible card. Perhaps 
Bome instrument-mBker may be more Buccessful. 

Nem. — To read a compass or a wateh in the twilight, when it is a little too 
dark for unaided vision, toe a tlToag ■magnifying glaie. Its effect in giving 
disiiactnem is extraordinmj. — F. Galtok. 
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serious than those that attend the use of a common card, which warps 
with heat, and is spoiled by a wetting. 

A pocket compass suspended on gimbals comes to rest much more 
quickly than one that is held in the hand. This advantage is specially 
noticeable when it is growing dark, and when consulted on the side of a 
hill, for in either case it is difficult to judge of horizontality. It is most 
important to a traveller, whose caravan is on the march, that he should 
lose very little time when he is consulting his compass. 



Watches. 
By John Coles, Curator of Maps, R.G.S. 

The keyless half-chronometer is the most suitable watch for a traveller 
in wild countries. (The half-chronometer watch is a lever watch, with 
compensation balance, and a carefully tempered pendulum spring.) 

The ordinary pocket chronometer is expensive, and not calculated to 
stand the rough usage to which most travellers' watches are subjected. 
The objections to it are : (1.) The extreme delicacy of the escapement, 
and liability to injury from rust or accident. (2.) Its great liability 
to stoppage from various causes, such as a sudden jerk when riding 
or travelling over a rough country ; even if in the act of winding it 
the holder should inadvertently give a circular motion to his hand in a 
direction opposite to that in which the balance-wheel may be moving at 
the same instant, it may stop. (When a chronometer is once stopped it 
will not start again unless a circular motion be given to it.) (3.) The 
impossibihty of its repair when injured, except by highly-skilled workmen, 
and when very slightly injured, the consequent great disturbance and 
irregularity in its rate. 

Under favourable circumstances, and in skilled hands, pocket chronome- 
ters have done good service, but this is exceptional. The minimum price 
of a good pocket chronometer, in a silver case, is 45?. 

Half-chronometers are not liable to stop from the before-mentioned 
causes, unless from rust of an aggravated kind. They are more easily 
repaired. They may be carried in the pocket under conditions of rough 
usage, short of actual violence, and under those circumstances they may 
not fall far short of a chronometer at rest in the regularity of their rates. 

During the last twenty years great improvements have beeu msk<l<^ xss^ 
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the manufacture of the lever escapement compensation balances and the 
pendulum springs, upon which the ability of a watch to keep a steady 
rate in a great measure depends; the keyless mechanism has also been 
perfected, and it is not necessary to open the case of a keyless watch in 
order to wind it, or to set the hands, thus the works receive increased 
security from dust and damp, the two great enemies of all timepieces. 

The following is the description of such a watch as would be best suited 
to a traveller. The watch should be a 16-size silver case half-chronometer ; 
the bezel (or frame which holds the glass) should have neither hinge nor 
spring, but should fit very closely over the watch-case, and snap tightly 
when pressed home ; great care should be taken to see that the marking 
of the minutes on the dial is correct, so that in whatever part of the hour 
circle the minute hand shall point to a division, the seconds' hand shall 
at the same time point to 0. This perfect coincidence is by no means 
common; its absence is chiefly due to eccentricity in fixing the dial-plate, 
and the error is often so great as to be a cause of great annoyance to the 
traveller, who will have frequent difficulty in deciding as to which minute 
the seconds belong. The seconds dial-plate should be sunk, and the glass 
should be thick flat crystal A good watch of this kind cannot be pur- 
chased for less than 20^. 

The keyless watch has many advantages over the old form, of which 
the following are some. It cannot be wound the wrong way. It cannot 
be over-wound. The case has not to be opened either to wind it or to set 
the hands. With screw caps to cover the push-bar and the winding- 
button, a watch of this kind has been placed in water, and proved im- 
pervious to damp after several hours' immersion. Should the winding 
mechanism get out of order, the watch can be wound with a common key 
in the same manner as an ordinary watch. The cost of a good watch of 
this description is 30Z. 

Care should be taken to wind a watch at about the same hour every 
day, and as nearly as possible to subject it to the same daily treatment, 
with regard to its position in the pocket, or the place where it is laid 
down at night. 

In purchasing a watch be sure to go direct to the manufacturers, as 
such watches as I have mentioned can only be obtained of the best 
makers. Cheaper watches, purporting to have compensation balances 
and the best pendulum springs, may be obtained from many shops; but 
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it will too often be found (when too late to replace them) that they are 
not all they profess to be, that they have never been properly adjusted, 
and are in consequence so affected by change of position and temperature 
as to be useless for scientific purposes. 



On Carrying Chronometers, By Admiral Sir Geobge Back, p.r.s. 

It is impossible to avoid jolting pocket chronometers or watches when 
worn about the person. 

On three Arctic (overland) expeditions, mine (frequently two chrono- 
meters) were suspended in cloth pockets, hung round the neck by a strong 
narrow silk ribbon, and kept in their places by two other ribbons tied 
round the waist ; the whole was secured by the waistband of the trousers, 
which was made with six holes (three on each side), to lace behind. A 
silk string, passed through eyelet-holes round the top of the pocket and 
tied, secured the chronometer in its place, and prevented wet and dirt from 
reaching it. 

When travelling in summer, the chronometers were taken off at night 
and placed carefully in a hat, horizontally, or else in some blanket, under 
the upper part of the blankets forming the bed, where they were more out 
of the way of accidents ; but in winter they were worn all night against 
the body, to protect them f^om the effects of the cold. 

We (Franklin, Eichardson, Kendall, &c.) never complained of finding 
" fluff*' in the cloth pocket, and I do not know of an instance of the 
chronometers getting wet. 

Franklin fell between two pieces of ice into the water, over-head, and 
sunk fully two feet, and the two chronometers were not injured. 

I do not recommend "Macintosh" for the pockets. In cold, freezing 
weather, our Macintosh cloaks became stiff as planks ; and in very sultry 
weather, portions of the caoutchouc oozed through. Common linen or 
washed chamois leather would do for lining. 



On a Composition for keeping Watches or Compasses watertight. 

By James Bbock. 

The method that I should recommend for preventing water from 
penetrating watch-cases, is the application of a preparation of beeswax and 
jesin to the several parts where it is possible for the w&tftY -^^^^^s.. "'"S^^k. 
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preparation I recommend shonld be composed of eqnal parts and well 
mixed. If it is for a very hot climate, the quantity of " resin " should be 
slightly increased. It may be kept prepared, and when wanted, a portion 
melted and applied to the several parts with a small bmsh or feather. If 
the watch is an ordinary Open-face, with a snap bottom, the parts that 
shonld be attended to are — 1st, the glass. Apply the preparation round 
it, and rub it in with the thumb, by which means it will be worked into 
any cavity. 2nd, open the glass and apply it round the part of the case 
upon which the glass shuts (be careful that you apply it to all the joints 
of the case), close the glass and squeeze it down tightly ; what is squeezed 
out may be cleared away with the nail or a piece of wood. 3rd, open the 
back (where the watch is wound up) and apply the preparation in the 
same manner as just named. The case will require a little more force to 
open it, and the back should be attended to frequently. If the watch has 
a hunting (or double) case, or a bottom that opens with a fly-spring^ the 
difficulty of keeping out the water is much increased, as there are so many 
openings into the case for the springs, &c. I should recommend that the 
springs be removed (which is easily done, as they are all screwed in), and 
that the holes through which they pass, also the screw holes, be stopped up 
with the preparation ; also remove the ptishr-piece from the pendant (this is 
done by taking out the screw, which passes through the bow), and stop 
up the hole from which it has been taken ; but care should be used in 
doing so, as it is essential that it should be stopped below the hole through 
which the screw of the bow passes. The bow may then be returned. 
The preparation should now be applied to the glass and the shutting parts, 
in the manner before described. The hunting cover will keep shut by 
nature of the preparation. 



Babometees and thbtr Substitutes. (See Tables pp. 97-104.) 

The travellers for whose use these remarks are prepared, being 
possessed of sextants or theodolites, would measure the heights of moun- 
tains above their bases by triangulation from a distance. But they also 
require, for the purposes of physical geography, to ascertain the height of 
the country where they are travelling, above the sea-level ; and whenever 
they have to observe lunars on elevated plateaux, a knowledge of the 
barometric correction for refraction is essential to them. For these latter 
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purposes, explorers must have recourse to barometers, or to their more or 
less imperfect substitutes. 

A single barometric observation made in regions where the barometer 
ranges, as with us, through two or more inches, even in ordinary weather, 
is unreliable to half that extent, that is, to more than 1000 feet, in calcu- 
lating altitudes: but the mean of several observations taken at chance 
intervals, at repeated visits, and during ordinary weather, is not likely 
to be far amiss. In tropical regions the barometer is very much more 
steady than with us, and the heights deduced from the observations of 
travellers are proportionately more to be depended on. 

If a second station can be established, for simultaneous observations, at 
100 or even at 200 miles' distance, their relative heights can soon be 
determined with some accuracy by the barometer, because the meteoro- 
logical waves are so broad, that there is seldom a diflference, in ordinary 
weather, even in our latitudes, of a quarter of an inch (or say 250 feet of 
calculated altitude), between two stations 100 miles apart. 

The readings of barometers and boiling-point thermometers, when they 
are erroneous, nearly always err in the direction of assigning too great 
elevations, because the barometer, when either air or damp gets into the 
tube, becomes depressed, and the thermometer, when heated by imper*- 
fectly-boiling water, stands lower than it should. 

The barometric instruments are, — 

1. Barometer. — ^Empty glass tubes can be carried with little risk, and 
they can be filled with mercury when required by the spiral-cord method 
of Captain George, b.n., and be set up and used temporarily as barometers. 
The method of doing this is described in the pamphlet with which the 
instrument is accompanied. 

2. Aneroid, — An excellent instrument for laying down the contour lines 
of a country, but quite unreliable for absolute heights, unless checked by 
a barometer or boiling-point thermometer, because its index error is apt 
to change to any amount without the traveller being otherwise able to 
ascertain, much less to make a just allowance for, the cha^nge. 

8. Boiling-point Thermometers, — These have the great merit of portability 
without risk, and of a pretty constant, but not absolutely constant, index 
error; consequently, they are largely used by travellers. Though the 
operation of boiling a thermometer is very simple on a table in a room, 
with the use of spirits of wine, it is very troublesoma ia.^^ ^s^^ss^-^ifia. ^svst 
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an ordinary camp fire. Apparatus, to be nsed with spirits of wine, is 
made by Casella, 14, Hatton Garden. A small " Eussian furnace " is by 
far the most powerful kind of spirit-lamp, and the best for out-of-door 
work ; it consumes no more spirit than the common lamp. Colonel Grants 
who had, together with Captain Speke, great experience in the manipu- 
lation of these instruments, speaks very highly of the effectiveness of 
the boiling-apparatus which he took with him from the Geographical 
Society, and which was fitted into the buirs-eye lantern he used for 
reading off his sextant at night. The "shade" was removed out of 
the lantern, and the boiling-apparatus was put into its place. It was a 
copper cup, set in a jacket pierced with air-holes. An horizontal tube 
with a screw nozzle pierced the side both of the jacket and of the cup, 
and the thermometer was passed through this tube. The thermometer 
passed through a cork fixed into the middle of a screw which was screwed 
into the nozzle. It requires, however, very careful trimming of the lamp 
to obtain sufficient heat to boil the water thoroughly. No compact 
apparatus can as yet be recommended fit to be used with a lamp fed with 
common oil, which shall act with certainty in the hands of an average 
traveller. It is essential to accuracy, and also to the steadiness of the 
mercury in the thermometer, that its bulb should not touch the boiling 
water, but be thoroughly enveloped in the steam which issues copiously 
from it. 

A tin pot, with a sliding tin cylinder inside, with holes for escape of the 
steam, and which admits of being pegged at the desired height, may be 
used when a common fire is the source of heat. The thermometer is passed 
through a cork which is pressed into a hole in the lid, which fits firmly 
(like the lid of a pill-box) on the top of the inside tin cylinder. The 
fire must be made of bright clear embers to avoid trouble with smoke, and 
the pot must be securely propped on stones or hung like a gipsy kettle, 
for fear of a fall and of the destruction of the thermometer. 

The thermometer should be observed after the water has been boiling 
freely, but not too tumultuously, for three or four minutes ; and at least 
four or five readings should be taken, at half-minute intervals. Though 
pure water ought to be used, yet any water that is not very hard will 
suffice for a traveller's ordinary need. 

Tables for the determination of heights from the boiling-point ther- 
jnometei and from the barometer will be found in p. 98. 
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On Observations with Theodolites or Altazimuth iNSTRUMENTSi 
By Colonel J. T. Walker, r.e., p.r.s.. Superintendent of the Great 
Trigonometrical Survey of India. 

In the opening pages of these Hints, lists of instruments have been 
given which travellers of little experience are recommended to provide 
themselves with, and the sextant has been more particularly recommended, 
as the traveller will have opportunities of practising with it under the 
tuition of the officers of the ship which is conveying him to his destination. 
The suitabiUty of this instrument for observations, both on land and sea, 
is thus a great advantage for any person who has not had an opportunity 
of learning the use of his instruments before starting on his expedition ; 
and should he not have a sufficient knowledge of the methods of reducing 
the observations and calculating the results, he will find the simplest and 
easiest rules for his guidance in the several works on navigation, which 
are specially written for the reduction of observations with sextants by 
persons possessing little or no knowledge of the principles on which the 
rules are based. The inexperienced traveller can scarcely be expected to 
attain much accuracy in his observations and reductions, but should he 
explore unknown regions, he may be able to acquire valuable information, 
the immediate interest of which may be very considerable ; but his work 
will necessarily be of a preliminary nature, and be liable to be largely 
corrected, or altogether superseded, by the operations of subsequent 
explorers. 

But the extent of the regions of terra incognita in which inexperienced 
travellers can operate with the greatest advantage is constantly becoming 
more and more narrowed and diminished, and geographical science now- 
a-days frequently requires that the rough outlines which have hitherto 
sufficed for her purposes should not only be amplified and filled in, but 
rectified by more exact and reliable observations* The traveller must, in 
such cases, be provided with an instrument of greater capabilities than 
the sextant, and he should have thoroughly learnt the use of this instru- 
ment and the method of reducing the several kinds of observations which 
may be made with it before he commences operations. If he has no 
better instruments nor greater skill than his predecessors, his results may 
differ widely from theirs, but they will not be mote "^o^cyK:^ <il ^^Rs^jSs^^sasifc- 
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and, while causing much perplexity and inconvenience to geographers, 
they will only exhibit with certainty the degree of uncertainty that is still 
attached to the problem under investigation. 

An altazimuth instrument — or a theodolite possessing a complete vertical 
circle as well as a horizontal circle — is in many respects superior to a 
sextant. 1st, it measures horizontal angles directly, thus avoiding the 
labour of reducing oblique angles to the horizon ; and a roxmd of several 
angles can be measured with far less trouble than with the sextant: 
2ndly, it measures small vertical angles of elevation or depression of 
objects which frequently could not be seen by reflection from a mercurial 
horizon for the measurement of the double angle by a sextant. Srdly, its 
telescopic power is usually far higher than that of a sextant. 4thly, it 
may be so manipulated as to eliminate the eflfects— without in the first 
instance ascertaining the magnitudes — of certain constant instrumental 
errors, such as excentricity, collimation, and index errors. And 5thly, 
the influence of graduation errors may — ^when great accuracy is required 
— ^be reduced to a very considerable extent by systematic changes of the 
zero settings of the horizontal circle. 

The disadvantages of the altazimuth instrument as compared with the 
sextant are its greater cost and bulk and weight; but in many instances 
these disadvantages will be more than counterbalalanced by its superior 
capabilities. 

Messrs. Troughton and Simms have favoured me with the following 
details regarding the cost, weight, and telescopic powers of these instru- 
ments as constructed by themselves ; — 



iDstnunent. 


Weight of 
with Box. 


Weight 
of Stand. 


Price. 


Telescopic 
l\)wer8. 


Readings of 
Verniers. 


Details. 


7-inch (radius) sextant 
Artificial horizon . . 

4-inch (diameter) 1 
transit theodolite / 
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6-inch „ „ . . 
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7 
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25 
31 
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9 

10 
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X2 o o 

23 o o 
32 lO O 

40 o o 


5 to xo 

9 M 12 

M .. 15 
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10" 

I' 

30" 
20" 


rWithoattransitaxto 
I level, and lamp. 
rWith transit axis 
I level and lamp. 
Do. 



Tj&e Messrs. Casella construct certain very light and cheap altazimuth 
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instniinents, with 3-inch circles, power 5, weight with box 4 lbs., weight 
of stand 3i lbs. divided to 1', price under 20L 

For astronomical observations the sextant is decidedly preferable to 
very small altazimuth instruments, but the latter are to be preferred for 
the measurement of horizontal angles and small elevations or depressions. 

The traveller must necessarily adapt his equipment to his requirements 
and the faciHties he will possess for carrying his instnunents about. He 
may find it convenient to employ a sextant for astronomical, and a very 
small light altazimuth for terrestrial observations. But, whenever practic- 
able, an altazimuth of moderate size, which may be used as a universal 
instrument, would undoubtedly be the most convenient and satisfactory. 

The instrument which I would recommend for astronomical explorations, 
as being well adapted for astronomical and for terrestrial observations, 
and not very bulky, is the 6-inch transit theodolite by Messrs. Troughton 
and Simms : several of these have been used in explorations connected 
with the operations of the Great Trigonometrical Survey of India, and 
have given great satisfaction, being sufficiently accurate for all desirable 
purposes, and not too heavy to be easily carried. These instruments 
are adapted for determinations of time and longitude by the method of 
zenith distances, and also by that of meridional transits ; i^e former being 
best suited for the traveller when he can only devote a few hours to the 
operations, the latter when he is halting for a long time at one place : 
the two methods lead to strictly independent results, so that when both 
are employed they serve to check each other. The instrument is also 
well suited for latitude and azimuth observations ; in fact it can be em- 
ployed in any of the investigations which an explorer may have to under- 
take by means of astronomical observations. On the other hand, as an 
instrument for the measurement of terrestrial angles, whether horizontal 
or vertical, it is very valuable, and far superior to any sextant, not only 
being more conveniently manipulated, but possessing telescopic powers 
which permit of the detection and identification of objects that would 
often be sought for in vain with a sextant. 

Trigonometrical operations are, as a rule, far simpler and more easily 
reduced, and lead to more accurate results than astronomical observations. 
A continuous triangulation, or a traverse with measured angles and 
distajices, is necessarily impossible when the explorer has to pass through 
a country very rapidly; but he may frequently tviv^yiw 1<^ ^^ss^'essSi^^iSBgx^ 
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at one place, and may then have opportunities of greatly extending the 
scope of his operations by executing a triangulation. Suppose him to be 
in view of a range of hills which he may not have an opportunity of 
exploring, distant say 50 to 100 miles ; he may have already endeavoured 
on his line of march to fix points on the range by bearings, but from the 
absence of prominent landmarks has found a difficulty in identifying the 
points observed, and thinks he may have mistaken one hill for another 
in consequence of their changes in appearance as viewed from positions 
at some distance apart. If, during his few days' halt, he can manage to 
do a little triangulation, he may fix the general outlines of the entire 
range relatively to his halting-place with very respectable accuracy. He 
has first to measure a base and determine by triangulation the positions 
of three stations lying in a direction nearly parallel to that of the range^ 
and at distances of 2 to 5 miles apart ; then at each of these stations he 
must measure the angles between the other stations and a series of points 
on the entire length of the range ; * though no very prominent landmarks 
may be visible, still the telescope will show a number of objects — ^trees, 
masses of rock, and peculiarities of the ground — sufficiently clearly ttf 
permit of their being recognised at stations of observation which are so 
close to each other ; and though the triangles will be very acute-angled, 
the angles may easily be measured with sufficient accuracy to give the 
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* He should make a sketch of the outline of the range in his book of obaerva^ 
tions; and as he will probably be unable to ascertain the names of the hill 
summits at such a diutance from them, and many of them may have no names, 
he had better number them in the order in which they are observed, and refer to 
them always by these numbers, until he can confidently replace a number by a 
name. Exaggerated sketches of the outlines of the objects intersected by the 
telescope are frequently of use to facilitate identification on proceeding to the 
next station. 

The positions of places situated within or beyond the range of hills, wliich are 
Invisible to the traveller, but are known to his native guides and assistants, may 
frequently be determined by making a native point the theodolite, as a gun, in 
the direction of the place, and state its distance beyond or on this side of the 
range. The guides will often be found to possess a remarkable knowledj2:e of 
locality, and I have frequently known the independent pointings of different 
men towards distant invisible objects to coincide together very closely, as was 
ahown by the readings of the azimuthal circle. 
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distances of the "pointa on the ranges from the stations of observ^ation with 
a small percentage of error, whenever the marks are fsiirly identified; and 
as there will be two triangles to each point, and, therefore, double yalnes 
of the side common to both triangles, any mistakes — whether of identity, 
or of reading, or calculation— will be at once shown np. 

The 6-inch transit theodolites of the Indian Survey which have been 
used in military expeditions and explorations are specially provided with 
a pair of micrometers in the eyepiece of the telescope, for the purpose of 
measuring smaU angles, and more particularly those subtended by objects 
of known dimensions, by means of which the distance between the object 
and the observer is readily deduced. The system of micrometers is mov- 
able through an angle of 90°, so as to permit of the measurement of either 
a horizontal or a vertical object. With the aid of this appliance, the 
instrument can be employed in carrying on a traverse without using any 
direct measuring apparatus, such as a chain or perambulator, the distances 
to the back and forward stations being determined by measuring tho 
angles subtended by poles of known length, which are set up at th« 
stations. In hilly and broken ground, in crossing rivers or other obstacles, 
and generally wherever a direct measurement is impracticable, this method 
of procedure is most convenient. It was adopted by Captain Carter, r.b., 
in his survey — ^with one of these instruments — of the line of country 
passed over by the British army in the Abyssinian expedition. Captain 
Carter carried a traverse from Adigerat to Magdala, a distance of nearly 300 
miles, without any break of continuity, the daily rate of progress averaging 
5 miles, and being occasionally as much as 8 miles. The difference of 
latitude between the origin and terminus as determined from these opera- 
tions only differed by about a quarter of a mile &om the value determined 
astronomically. 

Whenever a halt occurred in the movements of the army, the instru- 
ment was used as a theodolite in triangulating to fix the positions of all 
Mils and other prominent objects around the halting-place ; it was also 
used for various astronomical observations.* 

* These instruments being famished with a pair of micrometers, which can ^ 
used either horizontally or vertically, are all the more valuable for astronomical 
observationB ; for the micrometers give two additional wires over which the stars, 
may be observed, and these wires can be set at pleasure to any distanci^ ft<v:sw ^Sss;^ 
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"RigifATtya OS THE MA^nPTLATION OF ALTAZDIUrH 

Ikstbuxestb. 

Obfieryations with these instnimentB should always be made in pairs, 
with the face of the vertical circle alternately to the right and left of the 
observer. Thns, supposing that in the first observation, or lonnd of 
observations, the face of that circle is to the right of the observer, the 
telescope should be immediately afterwards moved through 180° in 
azimuth, and turned over in altitude, which will bring the face of the 
circle to the left of the observer, and then a second observation, or round 
of observations, should be taken; the mean of the two measures, &oe 
right and face left, will be free from collimation, index, and other instru- 
mental errors. 

In measuring horizontal angles between objects of nearly the same 
altitude, as landmarks not much above or below the horizon, a change of 
face is not absolutely necessary, and may be dispensed with if the observer 
is hurried ; but when such angles are measured between objects of very 
different altitudes — as a terrestrial referring mark and a star — ^and whenr 
ever altitudes are measured, whether of terrestrial or celestial objects, the 
observations should invariably be taken in both positions, alternately 
" foce right " and " foce left," and the final result deduced from the mean, 
in order that the instrumental errors may be eliminated. There is no 
necessity to determine the magnitude of these errors, as in the sextant; 
in an instrument which has to travel far over bad ground the adjustments 
are liable to alter from time to time, but they are not likely to alter in 
the interval between two consecutive observations, and the errors arising 
therefrom will be eliminated in the mean of the pair. 

In what follows regarding astronomical observations with these instru- 
ments, a complete observation will be understood to imply the mean of 
a pair of observations, one with face right, the other with face left, taken 
continuously without any considerable pause between them, the entire 
operation being considered as one observation. 



fix(;(l wires in tho diaphragm which may be best suited to the rate of movement 
of tho star. For pairs of observations — face right and face left — ^no reductions to 
t)io centre wire are necessary ; and thus greater accuracy is obtained with very 
s)iffhk Bddiiicma} trouble of observing, and still less of computing. 
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Determinations op Time, Azimuth, Latitude and Longitude, with 

A Transit Theodolite. 

r 

The transit theodolite may be employed either as a transit instrument 
or as an altazimnthal instrument; it is adapted for all astronomical 
observations, excepting those of " lunar distances," which can only big 
performed by a sextant or a reflecting circle, and occultations, which 
require larger telescopes. 

Thus a description of each of the various kinds of observations which 
can be made with transit and altazimuth instruments, with full details 
of the methods to be employed in the corresponding reductions, would 
fill a volume, and be much more than is required for a book which merely 
purports to give hints to travellers. Those who wish to learn full 
particulars of each of the several methods of observation, and of the 
reductions, cannot do better than study Chauvenet's 'Spherical and 
Practical Astronomy,' which is one of the most valuable works on the 
subject in the English language : it gives ample instructions for observa- 
tions of all kinds, the rudest and most hurried, as well as the most 
refined and elaborate, and it supplies corresponding formulae — approxi- 
mate as well as rigorous — for the reduction of the observations. ' 

As these Hints are merely intended to indicate the simplest and most 
expeditious methods by which a traveller who is able to carry a suitable 
altazimnthal instrument about with him can take the astronomical' 
observations which are essentially necessary for his geographical explora-^ 
tions, they will be restricted to determinations of time, latitude and 
longitude, by the measurement of zenith distances, and of azimuths by 
horizontal angles; formulae — some approximate but all sufficiently 
rigorous for the purpose, and adapted mostly from Chauvenet— will also 
be given, for the reduction of the observations. 

Latitude Observations, the time being unknown. — The instrument being, 
duly levelled and brought approximately into the meridian, set the 
telescope on any star — or on the sun — when approaching culmination,, 
and follow it until the maximum altitude is reached ; take the zenith- 
distance reading on the vertical circle, change face quickly, and make a 
second observation ; the mean of the two will be a " complete observation '* ' 
of zenith distance. Two or three pairs of observations may be taken to 
circumpolar stars, as their zenith distances '^V x^aX* ^iJ^<Bt. ^^«3CK55^ ^ijssscsis?:^ 
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an interyal of a quarter to half an hour ; for other stars the obsenrationB 
should he restricted to one pair, and stars should not he ohserved when 
within 25° of the zenith. A single pair of observations with the 6^ 
transit theodolite should give a determination within 20" of the truth ; 
greater accuracy maybe obtained by observing additional stars, more 
particularly when the stars are selected so as to form pairs of nearly 
equal distaoice from the zenith, north and south. 

Latitude Observations^ the time being known. — (1.) Observe the zenith 
distance of the Pole-star in any position, and reduce to the meridian by 
the tables in the ' Nautical Almanac.' 

(2.) Take circum-meridian observations of the zenith distance of any 
star, alternately face right and face left, and note the time of each obseiv 
-vation; compute the reduction of the zenith distance at the time of 
observation to the distance on the meridian, and take the mean of the' 
reduced results as the determination of the meridional zenith distance. 
Three or four pairs of observations may generally be made in succession 
to the same star; but the nearer the star is to the zenith the mozo 
accurately should the times be known — it is not desirable, therefore, to 
observe stars within 10° of the zenith. Here, too, pairs of north and south 
stars of nearly equal zenith distance will give the best results. 

Time. — Take pairs of observations of the zenith distance of a star, 
noting the chronometer time of each, and adopt the mean of the times as 
the time corresponding to the mean zenith distance, with which, the 
latitude of the place, and the star's declination, the star's hour angle 
must be computed by either of the well-known formulae : thus the local 
time and the chronometer error will be determined. For these obser- 
vations stars are most favourably situated which are easterly or westerly, 
and not very near either to the horizon or to the meridian ; and greatest 
accuracy is obtained when two stars are observed at nearly the same 
altitude, one to the east, the other to the west. With a pair of obser- 
vations the chronometer error should be determined within 1 second 
when a 6" transit theodolite * is used. 

* At a trial of one of these instruments for the Indian Survey, the results of 
six pairs of observations on east and west stars fell within an extreme range of 
0*4 of a second of time ; the stars were, however, observed on the wires of the ■ 
two micrometers, as well as on the fixed wire of the diaphragm. {See footnote, 
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Longitttde, — Take pairs of observations of zenitli distance on a star for 
the determination of the local time and chronometer error, then take 
other pairs of observations of zenith distance on the moon; in each 
instance adopt the mean of the chronometer times as that of the " complete 
observation " of zenith distance. Both moon and star should be easterly 
or westerly, and not very near either to the meridian or to the horizon. 
The operations should commence and close with star observations, in 
order that the chronometer rate may be duly ascertained and allowed for. 
Ten pairs of observations to the moon and six to stars ought not to 
occupy more than four hours, and they should give a very fair result, 
probably within 8 miles of the truth. The effect of instrumental errors 
will be materially reduced when the stars and the moon are on the same 
sides of the meridian and at nearly the same zenith distance; if tiu^ 
permits, observations should be taken both east and west of the meridian, 
and both before and after full moon. 

Azimuth, time and latittide "being unknown, — Observe the angles betweeti 
a referring mark * and a star when the star is at the same altitude east 
and west of the meridian ; several pairs of observations may be taken at 
consecutive altitudes, half with face right and half with face left Or the 
angles may be measured between a referring mark and a circumpolar 
star at the times of its maximum elongations east and west. The mean 
of the two angles at opposite positions gives the angle between the star 
and the meridian, and thence the azimuth of the referring mark, without 
any calculations whatever. In the first case, however, an interval of 
several hours must be allowed to elapse between the observations east 
and west; and as twelve hours must necessarily elapse between the 
c^posite elongations of a circxm^polar star, few stars will ordinarily be 
visible at both elongations. 

It may therefore be desirable to adopt a third and more expeditious 

* A good referring mark may be made of a cross with a hole of | to J an inch 
in diameter in the centre, to which observations can be taken by day and by 
night, being rendered visible at night by a bull's-eye lantern placed behind the 
hole and directed to the observer. The stem of the cross sliould be vertical, and 
driven firmly into the ground. The distance from the station of observation 
shonld be at least half a mile, and the station shonld be marked by a pin driven 
into the ground, over which the theodolite must be carefully centred whenever 
set up for horizontal observations. 
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method, as follows : — Measure the angles between the referring mark and 
two circumpolar stars at their respective elongations, selecting stars which 
are nearly in opposition or nearly in conjunction, and will attain their 
maximum elongations at nearly the same time, that the observations may 
be completed quickly ; then with the observed value of the angle between 
the stars, and the given declinations of the stars, the azimuths of both 
may be readily computed, as shown at page 42. 

Azimuths, latltvde heing known, — Observe the angle between the re- 
ferring mark and a circumpolar star at maximum elongation, and compute 
the azimuth of the star. To stars near the pole two or three pairs of 
observations, face left and face right, may be taken before the star moves 
sensibly from the position of maximum elongation. 

Azimuth, latitude and tim>e heing known, — Any star may be observed in 
any position, but the best results will be obtained when a circumpolar 
star is observed at a short distance from the elongation ; the angle between 
the position of the star at the observation and at the elongation may be 
computed by the formulsB at page 42. 

General Bemarks. — The observed zenith distances should always be 
corrected for refraction; barometer and thermometer readings should, 
therefore, be taken during the observations, for the better determination 
of the refraction. When no barometer is at hand, the height of the 
station of observation should be given, as deduced by the boiling point 
or otherwise, or even approximately estimated. It may be well to 
remember that in determining latitude errors of refraction may be 
eliminated by observing pairs of north and south stars of the same 
zenith distance. 



FOBMUL^ AND EXAMPLES. 

Latitude hy Circum-meridian Obervaiians of a Star, 

Let <!> be the true latitude, f the true zenith distance on the meridian, 
f® the observed zenith distance corrected for refraction, S the declination 
of the star,* (^q an approximate value of </>, = S +_ f o> i the hour angle of 
the star. 

* When the sun is observed, the declination corresponding to the mean of the 
//laes of observation should be used* 
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Trsm^it. 



PutA = ^^^^»^Vdm = ~ 

sin fo s^ I 

Then f = f^ — Am, and (j) = 5_+ f. 

The values of m are tabulated in Chauvenet's ' Astronomy.* 



Alternative forms of m, 
adapted for various 
logarithmic tables. 



m = cosec i" versin t. 
= 'cxxjss^*, when t is given in seconds of time. 
= 2t^ nearly, „ „ minutes „ 

Supposing n observations to be taken, then, since A is constant, 

n 



Example. — CiRCfUM-MBRiDiAN Observations for LATiruDB to p Vbsm Minoris, 

North of the Zenith. 



Face. 



Left 
Right 

Left 

Right 

Left 

Right 



Circle Readings.* 



Mean Zenith 
Distances 
of Pairs of 

Observations. 



Alt. 64 10 20 

Z.D. 35 45 

35 45 

Alt 64 10 

„»'^ ^ " 
Z.D. 3S 45 

35 45 30 

Alt. 64 10 40 

64 10 jo\ 

Z.D. 35 45 50/ 

Mean .. .. 
Refraction .. 



35i 

50} 
} 



Chronometer. 



O I 41 

3$ 47 38 

35 47 5 

35 47 8 

35 47 25 

35 47 40 



14 45 47 

47 I 

48 55 
51 30 



15 



It 


37 
22 


57 

58 




'1 

18 


2 


10 



t 




in Minutes 


t«. 


of Time. 




7-2 


5» 


6-0 


36 


41 


17 


i'5 


2 


1-6 


3 


3*4 


12 


n 


22 


34 


7-3 


53 


92 


85 



35 47 23 
+ 4» 



Mean 



Data. 



31 "6 



<o = 35 48 5 
- Am = — 22 



31-6 X 2 = 63-2. 



^ = 35 47 43 = 38° 58' 54"- 



M of Star . . 14 
Chron. Error + 


'1 it 


Chron. Time\7T 
of Transit r^ 


53 



S .. .. =74 

^0 •• •• =35 


46 37 

48 5 


00 .• .. 38 


58 32 


log cos 00 * * * * 
logcosS .. .. 
log cosec ^0 • • 


9-8906 
9-4192 
o-23?o 


log A . . . . 
log 63*2 .. .. 


9-5429 

1-8007 


log Am .. .. 


I 3436 



For the above formula t should be less than 20 minutes, and ^ greater than xo°. 



* The circle readings will be alternately altitudes and zenith distances ± the 
index error of the instrnment, which error is eliminated in the mean of a pair of 



index error 
observations. 
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Longittide by Lunar Zenith Distances, 

The local time and the chronometer error having been determined from 
the star observations 

Let Co = the observed zenith distance of the moon's limb. 
6 =: the local sidereal time of the observation of ^o* 
Li = an assnmed valne of the longitude. 
A Li = the required correction of L^. 
L = the true longitude = Li + A Lj. 
^ = the latitude. 



Find the Greenwich time corresponding to 6 and L^, for which take 
d = the moon's declination. 
IT = the moon's equatorial horizontal parallax. 
S = the moon's geocentric semi-diameter. 



from the 
'Naut.Alm.' 



Let Si be the moon's apparent semi-diameter^ and tt^ the corrected 
parallax. 

then Si = S + A S, and tti = tt + A w ; 

and the values of A S and A tt may be interpolated &om the tables below, 
which are abridged from Chauvenet. 

Also put 6i = ^ + c" TTi sin </) cos S, in which log e" = 7*8244; and let 
r be the refraction for the apparent zen. dis. ^0 ; 

and let f 2 = f + ^ + Si, 
and f 1 = f 2 — ^1 sin C2 ; 
then the hour angle, t, is found &om the equation 

g^2^t ^ sinjCfi + (» "^)3 sin i [fi - (<^ - ap], 

cos (f) COS di 

after which the moon's right ascension, M, is found by the formula 

The Greenwich mean time corresponding to the moon's JR must be found 

from the ' Nautical Almanac ' ; with this and the local mean time a value 

of the longitude is determined, which, however, is approximate only, as t 

Ja computed m\h an approximate value of d depending on the assumed 
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Valnes of A S, always + . 






Values of A ir 


, always •f . 


Apparent 
Zen. Dis. 


Horizontal Semi-diameter. 


LaU- 
tude. 


Equatorial Ftenllax. 


of Moon. 


i4 30 


/ H 

15 . 


1 // 
15 30 


I II 
16 


16 30 


17 


$1 


57 


6i 


o 


11 


II 


II 


u 


II 


if 





II 


M 


m 


o 


IJ'I 


14*6 


15'6 


i6*7 


17-7 


18-8 





O'O 


O'O 


O'O 


lO 


ii'5 


144 


15-4 


i6'4 


17-5 


x8-6 


10 


0-3 


o-i 


0'4 


20 


I2'9 


li'8 


14-7 


15-7 


i6'7 


n'7 


20 


1*2 


1*3 


1*4 


*> 


11*8 


12-7 


ii-5 


14-4 


15-4 


i6-3 


30 


2*7 


3*9 


3*1 


40 


10-5 


1I*2 


I2*0 


12*8 


ii'6 


14-4 


40 


4*4 


4*7 


5*1 


50 


8*8 


9*4 


10' I 


io*7 


II-4 


I2'I 


50 


6-2 


6-7 


7-> 


60 


6*9 


ri 


7.9 


8-4 


8-9 


9-5 


60 


8-0 


8-6 


9'2 


TO 


4-7 


5-1 


5-4 


5-8 


61 


6-5 


70 


9*4 


10* I 


lO'B 


80 


2-4 


2*6 


2-8 


30 


r^ 


3-4 


80 


10-3 


ii'i 


XX '9 


<P 


O'l 


O'l 


O'X 


o»i 


0'2 


0'2 


90 


lo*6 


II-4 


I2'2 



longitude. Put L2 for the approximate value of the longitude which is 

thus determined, and 

. ^ . , . - ^ . -x r X- /- ** *h® Greenwich mean 

puM = the increase of 8 in a tmit of tune ( y^^ ^ j ^^^ observation of 

and X = ,, -31 ,, i . , 

" " \ the moon ; 

alsoleta=-A I Jan_^_tan8 L 
15 X I sin^ tanH 

then A Li = ^' "" ^S and L = Li + A L^. 

These formula are demonstrated in Chauvenet, vol. i. pages 383 to 385 ; 
and when several observations have to be reduced, they entail less labour 
of computation than any other formula. 

Example,— \ss, latitude <^ = 38° 58' 53" and assumed longitude Lj ^ 
5 h. 6 m. west of Greenwich, on May 2nd, 1849, the moon being east of the 
meridian, the zenith distance of the moon's upper limb '^ira& ^^Vf^^srv^Si^ 
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^ $7^^ 4/ ^'S'\ when the local mean time was 5 h. 33 m. 21-6 s., and the 
local fdflereal time 8 = 8 h. 16 m. i4'6i s. 

Approximate Greenwich mean time, o # /# 

loh. 39nL 2i'6 8. C) = 57 47 28*5 

for which we find from the ' Nant. Ahn.' r = + i 30-9 

^= + 3^47' 47-6" Si= + 15 24-5 

8 = 15 i6*4 

7r= 56 3*1 ^2=58 4 239 

— irisinfj= —47 38*1 
and from the tables on page 22 we find 

A8= +8-1 f, = 57 16 45-8 

A 8 = +4*4 

«*irj8in<^) ^ «i= 3 48 1-7 

cos d f si^^^^^s 

With these values of Sj, f 1, and <^ we find — 

< = — 3 19 53*64; 
but e = 8 16 I4'6i ; 

whence the computed -51 = 11 36 8*25. 

The corresponding Greenwich mean time for this value 1 " "• ^* 

of the ill is r° 39 48-7 

The local mean time is 5 33 21*6 

Whence the approx. long. La is .. .. s. .. 5 6 27-1 

M. 8. 

H. M. 8. (increaseof-3lini = 2'oi4=:X. 

For the Greenwich mean time 10 39 48*71 // 

I „ d„ =io-oi=:/3. 

Whence a = — 0-3317 ; and since Lj — Lj = + 27* 1 s., 

8a H« Vt Sa 

A L, = 40'6, and L = 5 6 40*6. 

Formuloi for the reduction of Azimuth Observations, 

(i.) Wlicn a star is observed at an elongation. 

Lot A Ix) the azimuth, b the declination, <^ the latitude 

Then8inA=^??4-' 

cos (j) 
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(2.) When a star is observed at a short distance from the elongation. 
Let t be the hour angle at the time of elongation, 

thencos<=,*^. 
tan B 

Let d t be the difference between the hour angles at the times of elonga- 
tion and of observation, and dA the corresponding difference of azimuth. 

then tan dA = — 2 sin^ — sec 6 cot 5 cosec t : 

2 ^ 

whence if dt is expressed in minutes of time, and k is a constant, 

log K being = '29303 + log sec <^ + log cot 5 + log cosec *, 

dA" = - K (c? 0^. 

(3.) When two stars are observed at their elongations. 

Let their azimuths be A^ and A2, and their declinations d^ and 63, 

then sin A, =-5??-^ 1 sin Ao. 
* cos §2 

The value of Aj + Ag or of Ai — Ag is given by the observations, Ai + 
Aa if the stars are at opposite elongations, A^ + A2 if they are at the same 
elongation. Suppose that we have 

Ai ± A2 = wi, 

then cot A, = cot m ± cosj cosec m, 
^ cos 61 

or cot Ag = cot m db ^^^—^ cosec m. 

cos dg 



Adjustments of the *' Everest Theodolite, improved by Groveb." 

(Furnished by Captain Pratt, r.e.) 
. It is stated that this theodolite is likely to be adopted into the service 
of the Eoyal Engineers. It is therefore thought advisable to describe its 
adjustments. The instrument is made by Cooke and Sons, Tork. 

1, Correction for Parallax, — Adjust the eyepiece to distinct vision of 
cross hairs, and correct for parallax by means of the object-glass screw. 

2. Making the Level of the Horizontal Limb parallel to that Limb — Clamp 
the tribrach • to axis, and unclamp the horizontal vernier-plate. Move 

♦ Modem instruments are set on a tribrach, or 3-armed support, at the top of 
the stand, instead of being screwed on to the top of it. This is a great improve- 
ment in many ways. 
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the latter to that the horizontal limb's level may be ofver, or parallel to, 
two foot-ecrews. By means of these screws bring the bnbUe to the centre 
of level Tom the vernier-plate ronnd 180°, and correct the level's error 
half by the foot-screws and half by the level's capstan-headed screws. 
Turn the vernier-plate back to its original x)06ition ; and if the bubble is 
not now exactly in the centre, correct as before. Bepeat the process till 
aocoracy is obtained. 

3. Levelling the Instrument, i. e., making its vertical axis truly vertical, — 
damp the tribrach to axis, and imclamp the horizontal vemier-plateL 
Level the horizontal limb's level by the foot-screws. Turn the horizontal 
vernier-plate ronnd 90° and re-level. This will make the vertical axis 
approximately vertical. Then bring the bubble of the vertical limb's 
level to the centre of bulb by the two antagonising screws at bottom of 
vertical vernier-plate. Turn roxmd 180° ; and if the vertical limb's level 
is disturbed, correct half of the error by the foot-screws and half by the 
two antagonistic screws. Turn the horizontal plate 90°, and repeat the 
process till accuracy is obtained. 

If the bubble of the level attached to the horizontal plate is now dis- 
turbed, bring it to centre of bulb by the capstan-headed screw, so as to 
make it an index of horizontality. 

4. Collimation, 

(a) Vertical Collimation. — ^Unclamp the vertical limb, and make its level 
horizontal by means of the antagonising screws. By means of the vertical 
limb's tangent-screw get the horizontal spider-line to cover some well- 
defined distant point. Bead off the angle on the vertical verniers. 

Boverse the instrument on its bearings, re-level, and re-intersect the 
same object. If now the vertical verniers read as at first, the vertical 
oollimation is correct. If not, the mean of the readings is the true angular 
deviation from the horizontal. By means of the vertical limb's tangent- 
sorew make the vertical verniers read this true deviation, and intersect 
the distant point by means of the antagonising screws. 

This will disturb the level of the vertical limb. Bestore its horizontality 
by means of the capstan-headed adjusting screws. The verniers should 
now read the same angle in both positions of the transit axis. If not, repeat 
the process till accuracy is obtained. 

(b) Eorizontal Collimation,— luteTsect some well-defined distant point 
tpiili the splder-UneB, Beverse the instrument on its bearings. If there 
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is any deyiaidon from the intersection, correct half with the tangent-sciew 
of the horizontal limb and half with the capstan-headed screws which 
moTe the diaphragm. Beverse the instrument on its bearings, and repeat 
similar corrections till accuracy is obtained. 



Meteobolooigal Hints to Tbayellebs. By E. Stbaghan (of the 

Meteorological Office). 

Trayellers may make nsefol meteorological observations for three distinct 
purposes : 1st, for contouring, or determining elevation above the sea; 
2nd, for extending owx knowledge of climate ; 3rd, for aiding synoptic 
investigation ; while for their own daily knowledge of the weather, they 
will be useful and interesting. 

Whatever results may be deduced from the observations, the original 
roister should be carefully preserved, to afford opportunity of inves- 
tigating such anomalies as may at a future time call for inquiry. Every 
observation or set of observations necessarily requires a statement of the 
time and place. It is especially necessary to record the name of the 
place, or the position, that is, the latitude and longitude, where observa- 
tions are made on the march. Observations intended to aid synoptic 
investigation must be made at some definite instant of Greenwich timfi. 
At present the Meteorological Bureau of the United States asks for 
observations made at 12h. 4:6m. p.m. Greenwich time. 

Travellers while on the march may always keep a valuable meteoro- 
logical note-book, but, when resident at any place for some time, a 
meteorological register, kept methodically, becomes more valuable. The 
hours of observing while on the march will be dependent on the times 
of encamping and decamping, or on the necessity for determining some 
height barometrically. In residence, the hours of observing should be at 
intervals of 12, 8, 6, or 4 hours, always dividing the twenty-four hours 
into equal parts, as 2, 3, 4, or 6 ; thus, 4 a.m., 8, noon, 4 p.m., 8, and 
midnight, are the most advisable hours, local time, for observing. 

The meteorological instruments which a traveller will chiefly use are 
barometers and thermometers. Whether a barometer or its substitute, 
an aneroid, be used for contouring purposes, the same can be set uq aiui 
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registered in residence. It is advisable to keep all instroments in the 
shade, bnt it is especially necessary to do so with thermometers intended 
to show the temperature of the air, nevertheless they mnst be exposed to 
the free movement of the air. Inside a tent, a hut, or a verandah, they 
will commonly be too much sheltered. On the march, or whenever good 
shade cannot be had, it will be found a good plan to attach a string to 
the top of a pocket thermometer, and whirl the instrument round at arm's 
length for about half a minute. By this method even in full sunshine a 
vOTy close approximation to the true temperature of the air may be had. 

Every instrument used ought to be compared with a standard and 
tested thoroughly, both before commencing and after completing the 
journey. This can be effectually done at the Kew Observatory. Instru- 
mental corrections should be carefully recorded in the roister. 

A rain-gauge consists of a funnel, a collector, and a glass measure. 
The funnel should have a deep circular aperture for the reception of the 
rain not less than 8 inches in diameter. All smaller sizes are wanting in 
accuracy, nevertheless they will be preferred for portability, and if so, 
care should be taken that they are really made to the size intended. 

A small anemometer, or wind-gauge, by Lowndes, which fits into a 
small cubic box, about 4 or 5 inches in each dimension, will be found the 
best adapted for the requirements of travellers. 

Artificial shade may be made for the thermometers, maximum, 
Tm'ninmTnj dry-bulb, and wet-bulb, when in residence, by means of a 
louvre-work box, about 18 to 24 inches in height, width, and depth. It 
must be roofed at top to keep off sunshine and rain, and have sides 
like Venetian blinds, through which the air may pass with freedom. It 
should be erected 4 feet above the ground, on wooden supports. The 
bottom of the cage should be full of perforations, but not entirely open to 
radiation from the ground beneath it. The thermometer should be 
disposed about the middle of the cage. 

The observer should be careful to make it quite clear whether the 
directions of the wind, and bearings generally, are by comx)ass, or referred 
to the astronomical north, south, east, and west. The wind's force and 
the weather should be noted according to the Beaufort system of 
notation, as given in most modem works on meteorology. 
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Photooeapht. By the Kev. H. B. George, Fellow of New College, Oxford, 

first Editor of the * Alpine Journal.* 

All readers of these notes may be assumed to understand the mere out- 
lines of the photographic process ; that a glass-plate is covered with a 
chemical preparation sensitive to light, is exposed so many minutes or 
seconds in front of the picture which is to be taken, and is subsequently 
developed, or subjected to other chemical operations which serve to fix 
the picture on the plate ; after which, impressions are taken from it by a 
process analogous to printing. By the ordinary methods, all this must be 
done before tiie plate has had time to dry, that is to say, within a few 
minutes : and inasmuch as the plate must be prepared and developed in 
the dark, it is impossible to take photographs in this way in places to 
which a dark tent cannot be taken, or where there is an absence of water, 
which is required in abundance for developing. There is a very con- 
venient and portable box, ingeniously contrived both for storing the 
necessary chemicals and for a developing tent; which, by one or two 
additions, might be made to serve for the entire process. It was devised 
by Colonel Stuart Wortley, and is to be procured of Messrs. Chambers and 
Co., 251, Goswell Eoad. But even this is more than a traveller would 
carry far, and it in no way dispenses with the need of water. Moreover, 
much practice and skill in manipulation is required in order to prepare 
photographic plates successfully, and this few travellers possess or can be 
expected to acquire. 

The discovery, however, of a method of preparing plates so that they 
can be used dry, that is to say, some time after preparation, and developed 
some time after exposure (always provided that until after development 
they are carefully secured from the light), has rendered it possible to take 
photographs anywhere and evferywhere. The results obtained are not on 
the whole so satisfactory as with wet plates, but they are well worth 
having in themselves; and dry plates can be used in countless places 
where it would be impossible to prepare plates by any wet process. 
Moreover, all knowledge absolutely necessary for the use of them can be 
acquired in an hour. 

Dry plates are now prepared in various ways, and by different makers, 
and doubtless there is still room for improvement in uniformity of pro- 
duction, especially in respect to the thickness of the glass, and ijoesibl^ 
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also in sehsitiYeness. Still, on the whole, the dry plates procniable aie 
very flEurly trustworthy: the chances are largely in favour of obtaining 
each time, if not a perfect picture, yet something of real value to the 
traveller. It is necessary to obtain information from the makers as to 
the sensitiveness of each kind of plate, which varies considerably, but one 
or two remarks may be useful. First, the more sensitive to light a plate 
is, the more it loses by keeping, so far as the writer's experience goes ; a 
plate which would require a very short exposure when fresh, may want 
double the time a year later. Secondly, the more sensitive it is, the more 
care is required in keeping off the light: for instance, the plates of the 
Liverpool Dry Plate Company, which are not very sensitive, can be taken 
out without detriment in candle-light, or even moon-light, if not allowed 
to fall fall on the plate ; while it is scarcely possible to avoid injuring 
Colonel Stuart Wortley's Uranium plates (sold by Chambers and Co.), 
which are highly sensitive, unless the light is completely screened off by 
orange glass. This makes such a serious difference in travelling, that the 
writer is inclined to prefer the less-sensitive plates, as likely in the long 
run to give a larger proportion of successful pictures. Subject to these 
observations, it may be said that dry plates, with proper care, will keep 
as long as can be wanted. Dr. Eirk took some prepared plates with him 
to Africa in 1858, when the art of making them was in its infancy, which 
continued sensitive for more than five years and a half. The present 
writer happened to mislay a couple of plates after using them, and they 
famished good pictures when developed nearly three years afterwards. 
Thus a traveller can not only take out prepared plates with him, but he 
can also bring them home for development. But anyone starting on a 
long journey will do well to learn how to develop his own plates (an easy 
thing enough), and carry with him the necessary apparatus, which weighs 
very little.* Thus he will be able to see how he has succeeded, and 
correct the times of exposure accordingly; besides, the plates, when once 
developed, are safe from injury through accidental exposure to light. 
The plates are supplied in packets carefully closed, and it is well not to 
open them until near the time of use. If they cannot be stowed in a 
proper grooved plate-box after use, the handiest way of repacking them 

* Messrs, Murray and Heath supply a box fitted up for this purpose, which 
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is to pass an india-rubber band round each end of every alternate plate : 
th^ can then be made up into parcels without injury. 

An invention has recently been brought out by Mr. Len Wamecke, of 
10» Linden Grove, Peckham Eye, which, if it bears the test of use, will be 
of inmiense value to travellers ; but the present writer can only speak 
of it from hearing. Mr. Wamecke prepares a sensitive tissue, which is 
supplied ready for exposure either in blocks of a dozen sheets, which are 
detached successively like the paper of a blotting-pad, or in bands, which 
are wound on a pair of small rollers within the dark slide, worked on the 
principle of a panorama. The roller dark slide is readily adapted to any 
camera, and the rollers are fitted with an index, by which any error in 
winding the tissue is at once detected. When a band of tissue is ex- 
hausted, it is detached and a new one (substituted. The advantage of 
saving weight and risk of breakage is obviously enormous ; but this tissue 
does not possess a high degree of sensitiveness. 

Inasmuch as pictures taken on very small plates can now be enlarged 
with great success, the bulk of plates which must be carried is too small 
to be any serious burden, glass of the average thickness used for small 
plates weighing at the rate of about 1 lb. per square foot. Still more 
important is the fact that the camera and its accompanying dark slides 
may also be small and light The best apparatus procurable for the 
traveller's purpose is the Miniature apparatus made by Messrs. Murray 
and Heath, of 69, Jermyn Street. This consists of a rigid camera whose 
dimensions are 6x4x4 inches, and which gives a picture measuring 
4x8 inches. The present writer has made much use of a still smaller 
camera, known as Edwards', a cube of 3i inches giving a picture 2^ 
inches square, on which Messrs. Murray and Heath's is supposed to be an 
improvement ; and they would, no doubt, make a camera of these dimen- 
gions now, if desired. It is perhaps a little doubtful which is the most 
useful size. Murray and Heath's apparatus packs more conveniently 
together, and the larger pictures are in themselves far more satisfactory 
than the smaller, assuming that the trouble and expense of enlarging is 
not incurred. On the other hand, it is possible to take stereoscopic 
pictures with Edwards' by carrying a little metal plate with a curved 
groove, and the smaller size of the dark slide renders it possible to obtain 
a. larger number of pictures by carrying the same weight. 

A rigid camera is infinitely better for rough work than any folding one. 
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whioh becomes DEelees if a fold cute oi wears throagh : the focn»cit^ is 
done bj means of a sliding adapter attached to the lens. The dark slide 
in which the plates are carried contains two plates back to back. It is a 
question how many of ^ese it is worth while to carry, but on the averse 
six pictures is as many as one usually wants to take in the course of a day. 
A bit of black velTet to cover the camera is the only other tbisg uecesaary 
during the day. The store-bia of plates, out of which the slides are 
filled at night, and into which the used plates are returned, will of comae 
t^nain with the baggage. Pedestrians who are apt to quit their heavy 




tu^i^e for eereral days at a time will find it convenient to have a small 
bos to hold a dozen or eighteen plat^ which, with the dork slides, will 
furnish all they need for several days. The whole of this appatatus, ex* 
elusive of lenses and of a stand for the camera, will cost about 6J. 
and weigh 4 or 5 lbs., and con be packed in a leather case messurii^ 
8x71 x4J inches. 

It is difBcalt to express an opinion as to the best kind of Ions, so moch 
depends on the natnre of the work to be done. Steinheil's probably is the 
most generally usefnl, if only one be token ; bat so much is liaUe to be 
/a^t bj' aoBg a lens which works slowly, while on the other hand pictuiea 
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taken slowly are apt to give more accurate results, that there is much to 
be said in favour of taking two, one of which shall be as rapid in its work- 
ing as possible. No better advice can be given here, in view of the vary- 
ing requirements of the traveller, than that he should consult Mr. Murray, 
explaining the special ends he has in view. The price of lenses varies 
from about lil to 4 guineas. 

The stand is of very great importance, especially to the pedestrian, and 
various plans may be adopted according to the nature of the expedition. 
One rule, however, holds good in all cases : do not have the camera to 
screw directly to the stand, but let it screw on to a saddle-shaped clamp 
(shown in section in fig. 1), to fit across the head of the stand (as in fig. 2), 
and secured there by a set screw. The little clamp takes up no ap- 
preciable space, and the risk of the screw being injured on a journey ig 
removed. The stand may be an ordinary wooden tripod, which serves as 
a rather cumbrous walking-pole; Messrs. Murray and Heath make also a 
convenient folding one ; a better thing still is a small tripod, which fits 
round and serves to steady a pole with a flat head, over which the clamp 
goes. Such a tripod may be used alone when convenient, and is very 
handy on mountain tops, &c., where the height of the camera above the 
ground does not signify. The writer has carried such a tripod on an ice- 
axe, and finds that it interferes scarcely at all with the facility of using 
the axe, except for continuous step-cutting. It might be adapted to any 
pole carried for other purposes, provided only the pole can have a flat 
head, or the clamp is altered accordingly. 

The worst enemy of the dry-plate photographer is dust. He should not 
only keep his camera most carefully clean, wiping the lenses very fre- 
quently, but also gently brush the plates over with a camelVhair pencil 
whenever they are moved into the dark slides and back into the store- 
boxes. The boxes should be fastened up very carefully, both to exclude 
light and dust, and also to prevent their being opened by servants or 
through any inadvertency. It is, of course, necessary to keep a register 
of the views taken, and the best mode of doing this is by marking on each 
plate a number corresponding to that in the traveller's journal ; this can 
easily be done by scratching the comer of the collodion film. The dark 
slides should be numbered also for convenience of reference. The record 
of views taken ought to note, besides the date and subject, the hour^ length 
of exposure, and state of weather. 
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The rales for determining the right length of exposure are simple in 
outline, but cannot be reduced to a formula. The operator must decide 
on the exact time required in each case by his own instinct; but the 
general principle is, that the greater amount of light received on the lens 
the more rapidly will the picture be printed ; that is to say, a distant 
view requires less time than a near object, and an object bright in itself 
or brightly illuminated less than a dark object. Moreover, the amount of 
light diminishes in proportion to the distance from midday, and to the 
amount of cloud in the sky. As a rule, the morning is better than the 
afternoon ; it seems also that as one goes higher the time of exposure tends 
to diminish. When in doubt it is well to expose a little more : for if a 
plate is under-exposed, the picture is not there ; if it is over-exposed, the 
picture is there, though more or less burnt, and a little management in 
developing will correct much of this. There is no avoiding the ever- 
present diflSculty that near and far objects, foreground and background, 
require, for perfection, different exposures. All we can do is to assimilate 
them as nearly as possible. If there is a great distance to be taken, 
choose a brightly-illuminated for^round : on a mountain top, for instance, 
prefer snow to rocks. Disturb the snow a little, if possible, to break its 
uniform surface ; but rocks will not print themselves distinctly till the dis- 
tance is spoiled. Similarly, it is impossible to obtain a satisfactory photo- 
graph of what is to the eye most attractive — a distant view framed in the 
branches of some closely-overhanging tree ; one must be sacrificed to the 
other. As above stated, the time of exposure depends on the plates, and 
also on the lens used ; but the range is very wide. A view taken under 
the most rapid conditions, as, for instance, from the top of Mont Blanc 
on a bright day, will take perhaps one-fifth of the time requisite for a 
dark object near at hand. 

The outfit for an explorer should be : — 

Camera with one or two lenses. 

Extra lenses should be taken for safety on long expeditions. 

At least 4 dark slides. (See that they all work easily in the camera, 
and keep them as much sheltered from the sun as possible to prevent 
their warping. It is desirable to keep them wrapped up in black or 
yellow cloth or oil-silk.) 

1 small store-box, as above. 
-^arffer store-boxes, as many as may be required. 
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Stand, according to circumstances. 

2 or 3 clamps to fix camera on stand. 

Plate for taking stereoscopic views, if the camera will admit of such 
being taken. 

Some black velvet or cloth, and plenty of india-rubber bands for hold- 
ing the velvet over the camera. 



Surveys, with Sextant and Prismatic Compass,* By Major C. W. 

Wilson, b.b. 

A traveller who intends to devote a portion of his time to the survey of 
the country he is about to visit, should consider before leaving home what 
he is going to do, and how he will do it. The character of the proposed 
survey, the projection to which it is to be referred, the scale or scales to 
be adopted, the instruments to be used, should be carefully thought over 
before commencing work, and there should be no hesitation when once 
upon the ground. A decision on these points depends on various con- 
siderations — such as the time and means at the disposal of the travell\:;r, 
the object in view, the nature and geographical position of the country, 
&G. ; and the following notes are confined to a few hints which may be 
useful in the field. 

Projection, — When the extent of country to be laid down is small, it 
may be treated as a plane-surface, but when it is considerable, allowance 
must be made for curvature, and some projection of the sphere, or a 
portion of the sphere, adopted. The projection should be selected with 
reference to the latitude and local peculiarities of the country to be 
surveyed ; the sheets should be prepared before leaving home by a com- 
petent draughtsman, and two or more copies of each taken, packed in a 
round tin plan-case. It may happen, however, that a projection has to be 
made in the field, and a few notes are given on the construction of 
Mercator's, the Conical, and the Eectangular Tangential Projections. In 
Mercator'a Projection the true proportions are preserved between the 
meridians and the parallels, and the figures of the objects delineated are 



* It will be understood, that if a small theodolite can be carried, the work of 
surveying will be greatly facilitated. 
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in every part correct ; but the exaggeration at a distance from the Eqnator 
is so great that, beyond 50° or 60° a circular or polar projection is 
preferable. The advantage of Mercator's projection is, that the bearing 
and distance of one place from another, as measured on the map, is the 
same as on the globe itself; the traveller can thus lay down his route 
upon it with great readiness. The Conical Projection is well adapted for 
the representation of small portions of the sphere : but if the map is ex- 
tended much above or below the middle latitude, the distant parts will be 
greatly distorted. The Rectangular Tangential Projection is well suited 
for maps on a scale of 10 miles to an inch ; and the tables published by 
the late Sir Henry James provide the means of readily constructing the 
sheets required. 

Scale, — For the fair plan, a scale of 10 miles to an inch is recommended ; 
for the field-sketch or outdoor- work, a scale of 2 miles to the inch ; or, if 
much detail is required, of one mile to the inch. The scale of 2 miles to 
the inch has this advantage— that the ordinary sketching-card 12" x 16" 
will contain sufficient ground— 24 miles x 30 miles — ^for the day's work, 
and most of the points to which bearings are taken. 

The classes of Survey to which attention may be directed are — ^1. A 
simple route-survey ; 2. A district-survey ; 3. A special survey of a small 
tract of country ; and 4. A survey of a plot of ground containing ruins, 
&c. The only instruments supposed to be available are — sextant, watch 
or chronometer, prismatic compass, measuring tape, aneroid, &c. 

1. Route Survey. — Arrived on the ground, the traveller must first fix, 
with as much accuracy as possible, the position of some point on the 
earth's surface to which his work may be referred. If he starts from the 
coast-line, the position of some well-defined point can generally be 
obtained from the Admiralty Charts, but if no such resource is available, 
the position of his initial i)oint must be determined by astronomical 
observations. The latitude can be obtained by a good observer with a 6" 
sextant to about 100 yards on the earth's surface; but the longitude 
cannot be found by lunar distances to within ten minutes (10 miles on 
the Equator). The i)osition of the initial i)oint. A, having been deter- 
mined, work commences. The true bearing of some well-defined distant 
peak, or other landmark, is obtained, and this having been made '' zero,** 
i» round of angles is taken with the sextant to conspicuous objects, some of 
wA/cIi should be in the direction of the^ proposed line of march, and, if 
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pcNSslble. near the first halting-place. Several observations of the zero- 
point are made with the compass, the needle being deflected each time, to 
obtain the variation, and the aneroid read for altitude. All angles should 
be booked at once in ink, and the names of the observed objects carefully 
noted ; a rough outline-sketch of the -peaks or other landmarks will be 
found useful in identifying points as the work proceeds. The initial 
point, A, is pricked off on the sketching-card in a suitable position for 




€' 



laying down the day's march, and surrounded by a circle ; the observed 
angles are plotted; and a magnetic meridian is drawn; all is then ready 
for plotting the route. The compass is set up at A, and the sights of the 
instrument are directed on some object, b', in the direction of the line of 
march ; the bearing of b' is read off and plotted from A on the field-sheet 
by means of the protractor ; bearings are then taken tc( conspicuous objects 
such as X, which appear to lie near the line of mflx<ik^^!a^^^JMs^'«sk 
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likewise plotted. The march now commences in ihe direction Ai^, snd is 
continued to the x)oint 2/ where the route is found to turn to the ri^t ; 
the distance Ab, measured during the march, is laid down upon the field- 
sheet, and the point b, surrounded by a circle O ; the compass is then set 
up at b, and the bearing of an object, cf, in the direction of the new line of 
march, read off and plotted from b on the fieldnsheet ; bearings are also 
taken to objects, such as X, T, on either side of the route, and plotted; 
the i)oint X having also been observed from A, is now fixed. The march 
is again taken up in the direction b d until a point c is reached, at which 
the road bends to the left, the distance b c laid down, and so on until camp 
B is reached. At B, observations should be made in the evening for time 
and latitude; and in the morning, observations similar to those which 
have been made at A. Should the camp be near one of the x>oints 
observed to from A, the distance and true bearing of such point from B 
should be determined, with a view of fixing its xx)sition. At certain 
camps the longitude should be found by lunar distances, to serve as a 
check on the traversensurvey. Distances on the line of march may be 
measured by counting or timing the paces of a man, or by counting or 
timing the paces of a horse, mule, camel, &c., whose length of step is 
known. Time-measurement will be found most convenient, and, with 
care, will give very good results. Compass-bearings need only be taken 
at every second station on the line of march. Objects on either hand 
should, where possible, be fixed by three bearings. It is not desirable 
to take compass-bearings to points more than 6 or 7 miles distant, as the 
prismatic compass can seldom be depended upon to within one degree, 
and an error of this amount in 6 or 7 miles would give an error of "05 inch 
on a scale of 2 miles to the inch. If the route runs near a peak, of 
which the true bearing has been determined from A, it should be as- 
cended, and a round of angles taken with the sextant, making A the 
zero-point. When there is a mid-day halt, the meridian altitude of the 
sun should be observed. If a field-sketch cannot be kept up, the route 
should be entered in a field-book, and afterwards plotted, before details 
are forgotten. A book — with every alternate page ruled into squares by 
strong Unes, and subdivided by finer lines, the smaller squares represent- 
ing five minute intervals of time, the larger ones one hour — ^will be found 
of great use in making a rough sketch of the route, or a modification 
of the form used in booking a traverse-survey may be adopted; in all 
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cases the bearings, distances, &c., shonld be clearly written in tbe 
book. 

In this fieldnsiketch the ground has been treated as a plane anrfsuce, and 
as soon as convenient the work should be transferred to the projection on 
the £Eur plan. In doing this it becomes necessary to calculate the latitudes 
and longitudes of the camps, and other points, from the material provided 
by the survey; when this has been done, the fixed points are laid down 
in their true position on ihe map, and the detail reduced to the proper 
scale. « 

2. District Stirvey,— -The basis of any survey of an extensive district 
should be a system of triangulation, and the first step is the measurement 
of a base line. With no instruments except a sextant, tape, and prismatic 
compass, the best plan is to measure an astronomical base, and thence 
extend the triangulation as far as may be necessary. Two suitable points, 
A and B, lying nearly north and south of each other, are selected as the 
ends of the proposed base; the position of A on the earth's surface is 
determined at the point itself, the true bearing of B from A is obtained, 
and B having been made zero, a round of angles is taken from the sextant 




to conspicuous points; camp is then moved to the vicinity of B, and 
observations for latitude made at that xx)int ; the true bearing of A from B is 
then obtained, and a round of angles taken to the x)oints previously observed 
to from A. The length of the base AB can then be computed, and thiB 
position of several of the points observed to from A and B determined. 
The fixed points are next laid down on the field-sheet, and the detail 
filled in with the prismatic compass. In this way the triangulation may 
be extended over the district to be surveyecU cai» bQ^% ^«i5ss3s>^ s«i 
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oheck the work occasionally by observations for latitude at selected 
points. 

The following notes and problems* will be found nsefal in constructing 
the map : — 

Problem /. — Let A and B be two stations visible from one another, 
AP = J, BP = a, their observed co-latitudes, the angles A and B their 
reciprocal true azimuths, and AFB, or P, the required angular difference 
of longtide. Then by spherical trigonometry — 

^ ^ , -TV COS. \(a + l) , , , . ^^ 

which determines P. 

Problem IL — The latitude and longitude of any point being known, that 
of any other point within a short distance can be determined by plane 
trigonometry* Suppose the latitude and longitude of the camp at A to be 




known, whence that of a neighbouring peak or land-mark, C, is to be 
determined ; the distance AG must be measured, and the azimuth NCA 
observed, then the difference of longitude AB is the sine of ACB to radius 
AC, and the difference of latitude BG is the co-sine to the same angle and 
radius. 

Problem IIL — The distances between two places are generally resolved 
by plane trigonometry, the difference of latitude SL, and the azimuth 
S'SL, called the course, forming a right-angled triangle, in which SS', the 



* Problems II.-y. are taken from Frome's ' Outline of a Trigonometrioal 
Survey/ revised by F. Gapt. Warren, b,b. 
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distance, is determined; the other side LS^ termed the departure,hdjig ihe 
sum of all the meridional distances passed over. 



L DEPARTDRC S^ 




Problem 7 F.— Given the distance travelled on a given parallel of 
latitude to find the difference of longitude. 
Again, in the triangle ABC, let AB represent the distance or departure. 




and the angle BAG be equal to the latitude, then AC, the hypothenuse, 
will be equal to the difference in the longitude. 
Problem V. — Given the departure to find the difference of longitude. 

A 




Also, if DB represent the distance, and CD the difference of latitude, 
then BCD will be a right angle, and BC the departure, nearly equal to the 
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meridian distance in the middle latitude. If, then, in the triangle ABC 
the angle ABG be measured by that middle latitude, AB, the hypothenuse 
will be nearly equal to the difference of longitude between D and B. 

For the variation of the compass, it is convenient to take a bearing of 
the sun at sunset or sunrise ; or, if this cannot be done, an azimuth of 
the sun at any time three hours before or after noon will answer equally 
well. The angular distance between the sun, when its own diameter is 
above the horizon, and any well-defined peak, measured with the sextant, 
gives the true bearing. 

To find the sun*s true amplitude for any day :— to the log-secant of the 




latitude, rejecting the index, add the log-sine of the sun's declination 
corrected for the time and place of observation. Their sum will be the 
log-sine of the true amplitude. If the true and magnetic amplitudes be 
both north or both south, their difference is the variation ; but if one be 
north and the other south, their sum is the variation; and to know 
whether it be easterly or westerly, suppose the observer looking towards 
that point of the compass representing the magnetic amplitude; then, if 
the true amplitude be to the right hand of the magnetic, the variation is 
east, but if to the left hand, it is west 
In BUing in a survey, the observer can fix his position, C, by observing 
^m? jgjBd points, A and B, and plotting itom ^Xioaa v^ints the opposite 
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bearings to those observed, their intersection fixes the point required, 
the nearer the two bearings meet at a right angle the more correct will 
the point be determined, and, if a third fixed point is visible, a bearing to 
it will act as a check on the other. 

A third and accurate method of fixing the position is by the angles 
subtended between three known objects. The instrument called the 
station-pointer is generally used for this purpose ; but the position may 
also be found with a pair of compasses and a protractor, or, more simply, 
aa follows, by means of a protractor and a sheet of tracing paper. Draw 
a line through the centre of the paper ; place the protractor on it near to 
the bottom of the sheet ; lay off the right-hand angle to the right, and the 
left-hand angle to the left of the centre line; rule pencil-lines, radiating 
from the point over which the centre of the protractor has been placed, 
to the points that has been laid off; then place the paper on the plan or 
map, and move it about until the three lines coincide with the objects 
taken; prick through the points that lay beneath the centre of the 
protractor, and the observer's position is transferred to the plan. When 
possible, the centre object should be the nearest. 

Any object whose true bearing is east or west must be in the same 
latitude as the place of the observer. 

Any object whose true bearing is north or south must be in the same 
longitude as the observer. 

3. Special survey of a small tra^t of country, with compass and tape 
only. — ^First walk over the ground and examine it, with a view to the 
selection of prominent points for stations, and of a level space for the 
measurement of a base. Having fixed upon a base, AB, set the compass 
up at A and take a round of bearings to B and other selected stations, 
C, I), E, &c. : then mark A on the field-sheet, in such a position as will 
enable the whole sketch to go on the sheet, and protract the several 
bearings from it. Mark A on the ground with a pile of stones or staff, 
measure the base A B with the tape or by pacing, lay the distance down 
on the field-sheet to the adopted scale, set the compass up at B and take 
a round of bearings to A, C, D, E, &c. These bearings are now plotted 
and their intersections with the bearings from A fix C, D, E, &c ; in this 
manner a rough triangulation is established and a number of points fixed, 
by the aid of which the detail can be filled in. 

The paper, or field-sheet, for sketching with a pri&i3a5i»^^ ^iRsva^^^ji^^ 
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Bhonld hskve parallel lines at tmeqna] distances ruled upon it, to be 
considered as east and west lines. 

4. Survey of a plot of ground containing ruins, Ac, — ^In making a survey 
with a tax)e aJone we are confined to the simplest geometrical figure— the 
triangle, as it is the only one of which the form cannot be altered, if the 
sides remain constant. In carrying ont snch a survey, divide the snr£EK» 
into a series of imaginary triangles as large as the nature of the groimd 
will admit of, and attend to the following rules : — 

1. Do not be in a hurry to commence work, but walk over the groimd 
and make a ron^ eye-sketch of it on paper. 

2. Select two points, as far apart as possible, visible from each other 




A B —Main line. 
^ ^ ^{—Principal trlanglM. 
C C ^Tie lineu 



and commanding a good view ; let the x>oints be near the boundaries of 
the ground, and so situated that the line joining them forms a sort of 
diagonal; this becomes the main line. 
S. Select a point on each side of the main line, near the boundary of 
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th6 work, to which lines can be measured from each end of it, thus giving 
two large triangles; then measure a check, or tie line, from one of the 
Tertides to a point at or near the middle of the opposite side. 

4. On the sides of these triangles erect smaller ones to embrace all the 
gKiond to be surreyed. 

5. Measure lines from any station laid down, or from any part of a line 
oonnecting two of them in directions most convenient for obtaining the 
detail, taking offsets to such objects as present themselves. 

The interiors of large buildings should be measured in a somewhat simi- 
lar way by dividing them into imaginary triangles and measuring tie lines. 

Tbe great principle in all surveys is to work from a whole to the parts, 
errors are thus subdivided and time and labour economised. 

The following symbols are recommended for adoption : — 

Z.^8 signifies angles, 
^a station in the triangulation. 
„ fixed by latitude. 
„ „ longitude. 

„ lat. and long. 
„ true bearing. 
K. t. „ „ right tangent 

L. t. „ „ left „ 
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Limits of the Map i 



To Construct a Map on Mercator*s Projection, 

On a sheet of cartridge paper, 13 inches by 20, it is proposed to 
eonstruct a map on Mercator's projection, on a scale of 10 miles to an 
inch equatorial — i.e. 6 inches to the degree of longitude. 

Lat. 31° to 33° N. 
Long. 34° to 36° E. 

Draw a base line, find its centre, and erect a perpendicular to the top of 
the paper ; the extremes of longitude 34° and 36° added together and 
divided by 2, give 35° the central meridian, and which is represented by 
the perpendicular ; on each side of it-lay off 6 inches, and erect perpen- 
diculars for the meridians 34 and 36 ; divide the base line into lO-mile 
divisions, and the part from 35° 50' to 36° OO into miles for the latitude 
scale. 
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Vmtn Table A, take the following quantities :— 
Lat31''to32"=r Iff"* = the distance between paraUeto 31° and 82° 
„ 82? to 33° =1"' iri „ „ „ 32° „ 38° 



Having thus obtained the distances between the reqtiiied parallels, 
divide the map into squares of 10 miles each way, and the map is teady 

for the projection of the route. 




The conical projection or derelopment is carried ont thus: draw a 
straight Yme, A, B, to represent the central meridian of the intended map. 
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and after having decided on the scale on which it is to be laid down, set 
off along this line A B from the point A scales of equal parts, for each 1° 
or 6°, as the size of the scale may admit. Also measure off from A 
towards B the distance AC = 57*29578 x length of P in inches x cot* 
lat. of A. Then with C as a centre and C A as a radius, describe an arc 
of a circle through the point A, representing the parallel of middle 
latitude, and divide it also into equal parts indicating 1° or 5° of longitude, 
each 1° of longitude being equal to 1° of lat. x cos. lat. of A ; and from 
C draw the radiating lines, representing the meridians through the points 
laid off on A E, and also concentric circles through the points marked off 
on A B for each 1° or 5° for the parallels of latitude. 

For the Kectangular Tangential Projection, see a pamphlet with Tables 
published by the Ordnance Survey Department, " On the construction 
and use of marginal sheet lines, for the uniform projection of maps in any 
part of the world." 



Table fob Rough Triangulation without the usual Instruments 

AND WITHOUT CALCULATION. By FrANCIS GalTON, F.R.S. 

A traveller may ascertain the breadth of a river, or that of a valley, or 
the distance of any object on either side of his line of march, by taking 
about 60 additional paces and by making a single reference to the Table 
on the following page. 

Suppose he is travelling from A to Z (Fig. I., p. 68), and wishes to learn 
the distance from A to C ; and, it may be, also the angle A. Let him 
as follows (referring now to Fig. II.). 

1. Leave a mark at A. 2. Walk 10 paces towards Z, and make a mark, 
calling the place m. 3. Walk back to A. 4. Walk 10 paces towards C. 
6. Walk to m, counting the paces to the nearest half-pace. (This gives 
the measurement of the line a (Fig. I.), which is the chord of the angle 
A, to radius 10.) 6. Walk 80 paces towards Z ; make a mark, calling the 
place n, 7. Walk 10 paces towards Z, calling the place B ; this com- 
pletes 100 paces from A. 8. Walk 10 paces towards C. 9. Walk to n, 
counting the paces to the nearest half-pace. (This gives the line b, which 
is the chord of the angle B, to radius 10.) 

Now enter the Table with a at the side and h at the top, and read off 
the distance A C, and the Angle A if also required. 
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MEASUREMENT OF WATER. 



69 



If the Table be entered with h at the side and a at the top, it gives B C 
(and B). 

Of course the units need not be paces: "feet, furlongs, miles, hours' 
journey, or anything else will do as well ; and the units of A B need not 
be the same as those of a and b. Also any multiple or divisor of 100 for 
A B may be used, if the tabular number be similarly multiplied. 

Examples. 



a 

(in paces). 


(in paces). 


AB. 


AC. 


Angle A. 


BC. 


Angle B. 


5 
5 


6* 
6i 

7 
7 


loo paces 

50 miles 

100 paces 

1000 paces 


67 paces 
3 ?i miles 

68 paces 
680 paces 


/ 

28 58 
28 58 
6; 22 
6i 22 


5? paces 
26i miles 
92 paces 
920 paces 


/ 

37 56 
il 56 
41 
41 



Particular care must be taken to walk in a straight line from A to B. 
It will surprise most people, on looking back at their track, to see how 
curved it has been, and how far B w is from pointing truly towards A. 
It is important to sight some distant object in a line with Z when 
walking towards it. 

The triangle ABO must be so contrived that none of its angles are 
less than 30°, or the chords of the angles at A and B will not be found in 
the Table. These cases cease to give reliable results when the measure- 
ments are rudely made, and have therefore been omitted. 

Should a traveller have no Tables by him, he can always protract his 
measurements to a scale on a sheet of paper, or even on the ground, and 
so solve his problem. If real accuracy be aimed at, it is clear that it may 
be obtained by careful measurements of the base and chords, combined 
with a rigorous calculation, as was first suggested by Sir George Everest, 
formerly Surveyor-Greneral of India. (See ' Journ. E. Geog. Soc.,' 1860, 
p. 122.) 



Measurement op the Number op Cubic Feet op Water con- 
veyed BY A ElVER IN EACH SECOND. 

The data required are — the area of the river section and the average 
velocity of the whole of the current. All that a traveller is likely to 
obtain, without special equipment, is the ax^-a. Qil\Xi^T^:^<et-'ei^^:i^^s^'«fis^ 
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average velocity of the mrface of the clUTest, which is less than that of 
its entire body, owing to Mctional letardation at the bottom. 

To make the necessary meaeuiements, chooee a place where the river 
runs steadily in a straight and deep channel, and where a boat can be 
had. Prepare a few floats, of dry bushea with paper flags, and be assnred 
they will act. Post an assistaot on the river-bank, at a measnred dis- 
tance, of about half the estimated width of the river, down stream, in face 
of a well-marked object. Bow across stream in a straight line, keepii^ two 
objects on a line in order to maintain yoor conisa Sound at intervals from 
shore to shore, fixing yoor position on each occasion, by a sextant-angle 
between your starting-place and yotu assistant's station, and throw the 
floats overboard, signalling to your assistant when you do so, that he may 
note the interval that elapses before they severally arrive opposite to him. 
Tske an angle from the opposite shore, to give the breadth of the river. 

To make the calculation approximately, protract the section of the 
river on a paper ruled to scale in square feet, and count the number of 
squares in the area of the section. Multiply this by the number of feet 
between you and the assiafant, and divide by the ntunber of secimds that 
the flouts occupied, on an average, in reaching him. 

Important rivers should always be measured above and below their 
confluence ; for it settles the qnestion of their relative sizes, and throws 
great light on the rainfall over their respective basins. The sectional 
area at the time of highest water, as shown by marks on the banks, and 
the slope of the bed ought also to be ascertained. 
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Sy protracting the data in the first two lines, on niled paper as de- 
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thereabouts ; this, multiplied into 160, gives 489,000 cubic feet of water 
as the contents of the river at any given moment between the line ot 
soundings and the assistant. As this amount passes by in 38*4 seconds, 
the number of cubic feet per second is the former number divided by the 
latter, which gives 12,734. 

It must be distinctly imderstood that this number is only roughly 
approximative, and that is excessive. However, with the above data, an 
engineer would be able to make a somewhat better calculation. In the 
meanwhile, the traveller might consider the flow of the river in question, 
to be between 10,000 and 13,000 feet per second. 



Paper Squeezes of Inscbiptions. By the Rev. F. W. Holland. 

Some paper for "squeezes" should be taken, where inscriptions are 
likely to be met with. Many kinds of paper are suitable for this purpose, 
but that used by engravers is perhaps the best, since it combines a good 
substance and strength, with sufficient power of absorption. The process 
of taking squeezes is very simple. All dust or dirt should first be 
removed from the inscription with a rough brush. The paper should 
then be cut to the requisite size, and laid upon it. With a soft close- 
haired brush, like a hat-brush, water should now be sprinkled upon the 
paper, and when thoroughly wetted, the brush should be used to press 
it into every portion of the inscription, so that a perfect impression may 
be taken. The paper should be left upon the inscription until thoroughly 
dry, and may then be rolled up without fear of spoiHng the " squeeze." 
When the paper is thin, several sheets may be added, with the use of 
paste or rice-water, until sufficient substance be obtained. I have in this 
way taken excellent squeezes with merely whitey-brown paper. A store 
of paper, a few brushes, and a pair of large scissors for cutting the paper, 
are all the materials that are required. 



Hints to Tbavellers on the Collection of Objects of Natural 
History. By H. W. Bates, Assistant-Secretary, r.g.s. 

. Travellers who intend devoting themselves specially to Natural HieteK% 
will generally possess all the xec^mai\6 \xiioTttL«»\haTi\ife\^^^ "S^^Ss^n.^ 
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those whose objects or duties are of another nature, or who, whilst on a 
purely geographical land-exploration, wish to know the readiest means of 
collecting, preserving, and safely transmitting specimens they collect that 
the following hints are addressed : — 

Outfit — Double- barrel guns, with spare nipples, breech-loaders to be pre- 
ferred; and a few common guns to lend to native hunters — 
especially if going to the interior of Tropical America. 
Jfine powder in canisters, and fine shot (Nos. 8 and 11), or car- 
tridges, must be taken from England : coarse powder and shot 
can be had in any part. A good supply of the best caps. 
Arsenical soap, a few pounds in tin cases; brushes of different 

sizes.* 
Two or three scalpels, scissors (including a pair of short-bladed 
ones), forceps of different sizes for inserting cotton into the 
necks of birds' skins ; needles and thread. 
A few small traps, with which to capture small (mostly nocturnal) 

mammals. 
Strong landing-net for water-mollusks, &c. Two stout insect 

sweeping-nets. 
Cylindrical tin box for collecting plants, with shoulder-strap. 
A few dozens of small and strong broad-mouthed bottles; and a 

couple of corked pocket-boxes. 
Insect-pins ; a few ounces of each Nos. 5, 14, and 11. . 
Stone jars for reptiles and fishes in spirit : to fit four in a box, 
with wooden partitions. If animals in spirits are to be col- 
lected largely, a supply of sheet-tin or zinc, with a pair of 
soldering-irons and a supply of soft solder, must be taken 
instead of stone jars. Cylindrical cases can then be made of 
any size required. By means of the soldering apparatus, also, 
empty powder-canisters and other tin vessels can be easily 
converted into receptacles for specimens. 
A ream or two of botanical drying-paper, with boards of same 
size as the sheet, and leather straps. 

* Most of the articles of a Naturalist's outfit can be obtained, at a few days' 
jjoiioe, of Mr. E, T. Higguia, Natural History Agent, 22, Bloomsbury-street, W.C. 
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A few gross of chip pill-boxes in nests. 

A dozen corked store-boxes (about 14 inches by 11 inches, and 

2i inches deep), fitted perpendicularly in a tin chest. 
A few yards of india-rubber waterproof sheeting, as temporary 

covering to collections in wet weather, or in crossing rivers. 
A set of carpenter's tools. 

An outfit may be much lightened by having all the provisions and other 
consumable articles packed in square tin cases, and in boxes and jars of 
such forms as may render them available for containing specimens. If the 
traveller is going to the humid regions of the Indian Archipelago, South- 
eastern Asia or Tropical America, where excessive moisture, mildew, and 
ants are great enemies to the naturalist, he should add to his outfit two 
drying-cages ; for everything that is not put at once into spirits is liable 
to be destroyed before it is dry enough to be stowed away in boxes. 
They may be made of light wood, so arranged as to take to pieces and put 
together again readily ; one, for birds, should be about 2 feet 6 inches 
long by 1 foot 6 inches high and 1 foot broad ; the other, for insects and 
other small specimens, may be about one-third less. They should have 
folding doors in front, having panels of perforated zinc, and the backs 
wholly of the latter material : the sides fitted with racks to hold six or 
eight plain shelves, which, in the smaller cage, should be covered with 
cork or any soft wood that may be obtained in tropical countries. A strong 
ring fixed in the top of the cage, with a cord having a hook attached at the 
end by which to hang it in an airy place, will keep the contained speci- 
mens out of harm's way until they are quite dry, when they may be 
stowed away in close-fitting boxes. If this plan be not adopted it will be 
almost impossible to preserve specimens in these countries. 

Collecting, — The countries which are now the least known with regard 
to their Natural History, are New Guinea and the large islands to the 
east of it, Northern Australia, the interior of Borneo, Thibet, and other 
parts of Central Asia, Equatorial Africa, and the eastern side of the Andes, 
from east of Bogota to the south of BoUvia. A special interest attaches to 
the indigenous productions of Oceanic Islands, i. e, islands situated at a 
great distance from any large tract of land. Those who have opportunities 
would not fail of making interesting discoveries by collecting specimens 
of the smaller animals (insects, mollusks, &c.) and plants in thaee. ^^\sis*je. 
localities. The truly indigenous species \IVI^\i'ais^^ft^i(^^^^^J^'^^^^'^^^ 
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in the remote parts where they are more likely to hare escaped extemiiiia- 
tion by settlers and the domestic animals introduced by them. In most of 
the better known conntries the botany has been better inTestigated than the 
zoology, and in most countries there still remains much to be done in 
ascertaining the exact station, and the range, both yertical and horizontal, 
of known species. This leads us to one point which cannot be too strongly 
insisted on, namely, that some means should be adopted by the traTeller 
to record the exact locality of the specimens he collects. In the larger 
dried animals this may be done by written tickets attached to the speci- 
mens; in pinned insects a letter or number may be fixed on the pins of 
all specimens taken at one place and time — ^the mark to refer to a note- 
book. The initial letter, or first two or three letters, of the locality is 
perhaps the readiest plan; and when all the specimens taken at one 
place can be put into a separate box one memorandum upon the box itself 
will be sufficient. Beptiles and fishes can have small parchment tickets 
attached to them before placing in spirits. 

A trayeller may be puzzled, in the midst of the profusion of animal 
and yegetable forms which he sees around him, to know what to secure 
and what to leave. Books can be of very little service to him on a journey, 
and he had better at once abandon all idea of encumbering himself with 
them. A few days' study at the principal museums before he starts on 
his voyage may teach him a great deal, and the cultivation of a habit of 
close observation and minute comparison of the specimens he obtains will 
teach him a great deal more. As a general rule, all species which he may 
meet with for the first time far in the interior should be preferred to those 
common near the civilised parts. He should strive to obtain as much 
variety as possible, and not fill his boxes and jars with quantities of speci- 
mens of one or a few species. But as some of the rarest and most in- 
teresting species have great resemblance to others which may be more 
common, he should avail himself of every opi)ortunity of comparing 
the objects side by side. In most tropical countries the species found 
in open and semi-cultivated places are much less interesting than those 
inhabiting the interior of the forests, and it generally happens that 
the few handsome kinds which attract the attention of the natives 
are species well known in European museums. In botany a traveller, 
if obliged to restrict his collecting, might confine himself to those 
plants which are remarkable for their economical uses ; always taking 
care to Identify the EoweiB of the tree ox atoxJa Ni\iQ»fe iQQ>t ^bork^ leaves^ 
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wood, &c., are used by the natives, and preserving a few specimens of 
them. But if he is the first to ascend any high mountain, he should 
make as general a collection of the flowering plants as possible, at the 
higher elevations. The same may be said of insects found on mountains, 
where they occur in great diversity — on the shady and cold sides rather 
than on the sunny slopes — under stones, and about the roots of herbage, 
especially near springs, on shrubs and low trees, and so forth ; for upon a 
knowledge of the plants and insects of mountain ranges depend maoy 
curious questions on the geographical distribution of forms over the earth. 
In reptiles, the smaller Batrachia (frogs, salamanders, &c.) should not be 
neglected, especially the extremely numerous family of tree-frogs ; lizards 
may be caught generally with the insect sweeping-net ; the arboreal species 
seen out of reach may be brought down with a charge of dust-shot. Snakes 
should be taken without injuring the head, which is the most important 
part of the body ; a cleft stick may be used in securing them by the neck, 
and on reaching camp they may be dropped into the jars of spirits. As 
large a collection as possible should be made of the smaller fishes of in* 
land lakes and unexplored rivers ; Dr. Gunther, of the British Museum, 
has authorised me to say that a traveller cannot fail to make a large 
number of interesting discoveries if he collects a few specimens of 
the species he meets with in the lakes and rivers of the interior of any 
country. 

It can scarcely be expected that specimens of the larger animals can be 
brought away by a geographical expedition, although some species are still 
desiderata in the large museums of Europe. Additional specimens of all 
genera, of which there are numerous closely-allied species (e, g, rhinoceros, 
antelope, equus, &c.) would be very welcome for the better discrimination 
of the species. If only portions can be obtained, skulls are to be preferred. 
In humid tropical regions entire skins cannot be dried in time to prevent 
decay, and it is necessary to place them, rolled up in small compass, in 
spirits. The smaller mammals, of which there remain many to reward the 
explorer in almost all extra-European countries, may be skinned, dried, 
and packed in boxes in the same manner as birds. The smaller birds shot 
on an excursion should be carried to camp in the game-bag, folded in 
paper, the wounds, mouth, and anus being first plugged with cotton. 
Powdered calcined gypsum will here be found very useful in absorbing 
blood from feathers, on account of the facility with which it can be aftex.- 
wards cleared from the specimens. AX\ '\)\^Ti\&»^V<sa. ^^ii^^st^^^^sxs.^'^^srfae^ 
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in the tin box which the traveller carries with him. Land and fresh- 
water shells may be carried home in a bag. All hard-bodied insects, such 
as beetles, ants, and so forth, should be placed, in collecting, in small 
bottles ; each bottle having a small piece of slightly-moistened rag placed 
within it, to prevent the insects from crowding and injuring each other. 
The hint previously given with regard to number of specimens must be 
repeated here. Take as great a variety of species as possible. The sweeping- 
net should be freely used (except in very wet weather) in sweeping and 
beating the herbage and lower trees. In collecting ants, it is necessary to 
open nests and secure the wioged individuals of each species, which must 
be afterwards kept together with the wingless ones to secure the identifi- 
cation of the species. Bees and wasps may be caught in the net and then 
placed, by means of small forceps, in the collecting-bottle and afterwards 
killed in the same way as beetles and other hard-bodied insects. All soft- 
bodied insects should be killed on capture (by a slight pressure of the chest 
underneath the wings by thumb and finger) and then- pinned in the pocket 
collecting-box. K the traveller has leisure and inclination for the pursuit, 
he may readily make a large and varied collection of these, and will do good 
service to science if he notes carefully the exact localities of his captures, 
altitude above the sea, nature of country, the sexes of the species (if de- 
tected), and information on habits. The delicate species should be handled 
very carefully and put away into the drying-cage immediately on return 
from an excursion. Spiders may be collected in bottles, and afterwards 
killed and pinned in the same way as other insects. Crustacea (shrimps, 
crawfish, &o.) in rivers and pools may be collected with the landing-net, 
and afterwards well dried and pinned like hard-bodied insects, except when 
they are large in size, when their bodies must be opened and emptied of 
their contents. 

Preserving and Packing, — Previous to skinning a small mammal or bird, 
make a note of the colour of its eyes and soft parts, and, if time admits, of 
the dimensions of its trunk and limbs. It facilitates skinning of birds to 
break, before commencing, the first bone of the wings a short distance 
above the joint, which causes the members to lie open when the specimen 
is laid on its back on the skinning- board. The animal should be laid with 
its tail towards the right hand of the operator, and the incision made from 
the breast-bone, nearly to the anus. A blunt wooden style is usefal in 
commencing the operation of separating the skin from the flesh. When 
the leg is reached, cut through the knee-joint and then clear the flesh from 
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the sbank as far as can be done, afterwards washing the bone slightly 
with arsenical soap, winding a thin strip of cotton round it, and returning 
it to the skin. Eepeat the process with the other leg, and then sever, with 
the broad-bladed scissors, the spine above the root of the tail. By care- 
fully cutting into the flesh from above, the spine is finally severed 
without injuring the skin of the back, and it is then easy to continue the 
skinning up to the wings, when the bones are cut through at the place 
where they had previously been broken, and the body finished as far as 
the commencement of the skull. A small piece of the skull is now cut 
away, together with the neck and body, and the brains and eyes scooped 
out, the inside washed with the soap and clean cotton filled in, the eyes 
especially being made plump. In large-headed parrots, wood-peckers, 
and some other birds, the head cannot thus be cleaned ; an incision has, 
therefore, to be made either on one side or on the back of the neck, through 
which the back of the skull can be thrust a little away and then cleansed, 
the incision being afterward closed by two or three stitches. The bones 
then remaining in each wing must be cleaned, which must be done without 
loosening the quill-feathers. It is much better to take out the flesh by 
making an incision on the outside of the skin along the flesh on the inner 
side of the wing. The inside of the skin must now be washed with the 
soap, and a neck of cotton (not too thick) inserted by means of the long 
narrow forceps, taking care to fix the end well inside the skull and with- 
drawing the empty forceps without stretching the skin of the neck and 
thus distorting the shape of the bird. Skins need not be filled up with 
cotton or any other material, but laid, with the feathers smoothed down, 
on the boards of the drying-cage until they are ready to be packed in 
boxes. In very humid climates like that of Tropical America, oxide of 
arsenic in powder is preferable to arsenical soap, on account of the skins 
drying quicker ; but it cannot be recommended to the general traveller, 
owing to the danger attending its use. 

In mammals the tail oflfers some difficulty to a beginner. To skin it, 
the root (after severing it from the spine) should be secured by a piece of 
strong twine, which should then be attached to a nail or beam : with two 
pieces of flat wood (one placed on each side of the naked root), held firmly 
by the hand and pulled downwards, the skin is made rapidly to give way 
generally to the tip. The tails of some animals, however, can be skinned 
only by incisions made down the middle from the OTitsidiSk. ^V^\5«si§st 
mammal fikins may be inverted, and, ai\jet '^«;^\xi%^^nScL'Ockfc vr»s^ ^^^^^Ns^^^sa. 
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the San : is befigereniartBd, itisoftai mrfSfxrj to roll tbqy up and pre- 
•errein spirit 

The skins of small imunmals and birds, after they are quite diy, may be 
packed in boxes, which must be pievioaslT weU irashed inside with 
arsenkal soap, lined with paper, and again ooTcred with a coating of the 
soap and well dried in the snn. This is the yery best means of securing 
the specimens from the attacks of noxions insects, which so often, to the 
great disgust of the trayeller, destroy what he has taken so much pains to 
procure. Where wood is scarce, as in the interior of Africa, boxes may be 
made of the skins of antelopes or other large aninnilR by stretching them, 
when newly stripped from the animal, over a square framework of sticks, 
and sewing up the edges: after being dried in the sun they make excellent 
packing-cases. 

With regard to reptiles and fishes, I cannot do better than quote the 
following remarks sent me by Mr. Osbert Salvin, who collected these 
animals most successfully in Guatemala : — 

" AJmost any spirit will answer for this purpose, its fitness consisting in 
the amount of alcohol contained in it. In all cases it is best to procure 
the strongest ipossible, being less bulky, and water can always be obtained 
to reduce the strength to the requisite amount. When the spirit sold 
retail by the natives is not sufficiently strong, by visiting thedistUlei^y the 
traveller can often obtain the first runnings (the strongest) of the stilly 
which will be stronger than he requires undiluted. The spirit used should 
be reduced to about proof, and the traveller should always be provided 
with an alcoholometer. If this is not at hand, a little practice will enable 
him to ascertain the strength of the spirit from the rapidity with which 
the bubbles break when rising to the surface of a small quantity shaken in 
a lx>ttle. When the spirit has been used this test is of no value. When 
animals or fish are first immersed, it will be found that the spirit becomes 
rapidly weaker. Large specimens absorb the alcohol very speedily. The 
rapidity with which this absorption takes place should be carefully 
watched, and in warm climates the liquid tested at least every twelve hours, 
and fresh spirit added to restore it to its original strength. In colder 
(dimatcs it is not requisite to watch so closely, but practice will show what 
attention is neconsary. It will be found that absorption of alcohol will 
be about proportionate to the rate of decomposition. Spirit should not be 
//^9od too Btrong, aa its effect is to contract the outer surface, and thus, 
^^Josjiiff tJjo poroB, prevent the alcohol from pen&\x«^^\^ \5Kt«^'^'^ tiie 
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inner parts of the specimen.. The principal point, then, is to watch that the 
strength of tJie spirit does not get below a certain point while the specimen is 
ahsorhing alcohol when first put in. It will be foimd that after two or three 
days the spirit retains its strength : when this is the case, the specimen 
will be perfectly preserved. Spirit should not be thrown away, no matter 
how often used, so long as the traveller has a reserve of sufficient strength 
to biing it back to its requisite strength. 

" In selecting specimens for immersion, regard must be had to the 
means at the traveller's disposal. Fish up to 9 inches long may be placed 
in spirit, with simply a slit cut to allow the spirit to enter to the entrails. 
With larger specimens, it is better to pass a long knife outside the ribs, so 
as to separate the muscles on each side of the vertebrsB. It is also as well 
to remove as much food from the entrails as possible, taking care to leave 
all these in. The larger specimens can be skinned, leaving, however, the 
intestines in, and simply removing the flesh. Very large specimens pre- 
served in this way absorb very little spirit. All half-digested food should 
be removed from snakes and animals. In spite of these precautions, speci- 
mens will often appear to be decomposing ; but by more constant attention 
to re-strengthening the spirit, they will, in most cases, be preserved. 

" A case (copper is the best), with a top that can be imscrewed and 
refixed easily, should always be carried as a receptacle. The opening 
should be large enough to allow the hand to be inserted ; this is to hold 
freshly-caught specimens. When they have become preserved, they can 
all be removed and soldered up in tin or zinc boxes. Zinc is best, as it 
does not corrode so easily. The traveller will find it very convenient to 
take lessons in soldering, and so make his own boxes. If he takes them 
ready made, they had best be arranged so as to fit one into another before 
they are filled. When moving about, all specimens should be wrapped in 
calico or linen or other rags to prevent their rubbing one against the 
other. This should also be done to the specimens in the copper case when 
a move is necessary, as well as to those finally packed for transmission to 
Europe. These last should have all the interstices between the specimens 
filled in with cotton-wool or rags. If a leak should occur in a case, speci- 
mens thus packed will still be maintained moist, and will keep some time 
without much injury. Proof spirit should be used when the specimens 
are finally packed, but it is not necessary that it should be fresh." 

Land and fresh-water shells, on reaching camp, should be placed ixL^i. 
basin of cold water to entice the animaAa avjL\.,«sA'CwsQL^^>S^^'t. ^tosisssss.'^'css.^ 
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killed by pouring boiling water over them. They may be cleared of flesh 
by means of a strong pin or penknife. The operculum or mouthpiece 
of all shells which possess it should be preserved and placed inside the 
empty shell. Each shell, when dry, should be wrapped in a piece of paper 
and the collection packed in a box, well padded with cotton or other dry 
and elastic material. 

The insects collected on an excursion should be attended to imme- 
diately on arrival in camp. When leisure and space are limited all the 
hard-bodied ones may be put in bottles of spirit ; and each bottle, when 
nearly full, should be filled up to the cork with a piece of rag, to prevent 
injury from shaking. Many species, however, become stained by spirit, 
and it is far better in dry countries, such as Africa, Australia, and Central 
Asia, to preserve all the hard-bodied ones in a dry state in pill-boxes. 
They are killed, whilst in the collecting-bottles, by plunging, for a few 
moments, the bottom half of the bottles in hot water. An hour afterwards 
the contents are shaken out over blotting-paper and put into pill-boxes — 
the bottom of the boxes being padded with cotton, over which is placed a 
circular piece of blotting-paper. The open pill-boxes should then be placed 
in the drying-cage for a day or two and then filled up with more cotton, 
the layer of insects being first covered by a circular piece of paper.* The 
soft-bodied specimens, which are brought home pinned, should be stuck 
in the drying-cage until they are dry, and then be pinned very close 
together in the store-boxes. The store-boxes, both bottom and sides, 
should each have inside a coating of arsenical soap before they are corked, 
and as they become filled, one by one, should be washed outside with the 
soap and pasted all over with paper. Camphor and other preservatives 
are of little or no use in tropical climates. In some countries where the 
traveller may wish to make a collection of the butterfly fauna, the best 
way is to preserve all the specimens in little paper envelopes. He should 
l)e careful not to press the insects too flat, simply killing them by pressure 
underneath the breast, folding their wings carefully backwards and slip- 
ping each into its envelope. In very humid tropical countries, such as 
the river valleys of Tropical America and the islands of the Eastern 
Archipelago, the plan of stowing away even hard-bodied insects in pill- 

* The only preservative needed is a diluted wash of arsenical soap inside the 
plJJ-boxes, which, aa in all other cases when soap is used, must be well dried 
Afterwards, before the boxes are filled. 
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boxes does not answer, on account of the mould with which they soon 
become covered. There are, then, only two methods that can be adopted : 
one, preserving them at once in spirits; the other, pinning all those over a 
quarter of an inch long (running the pin through the right wing-case so 
as to come out beneath, between the second and third pair of legs); and 
gumming those of smaller size on small sheets of card, cut of uniform 
size so as to fit perpendicularly in racked boxes, like those used to con- 
tain microscopical slides, but larger. The cards may be a few inches 
square, and each may hold several scores of specimens, very lightly 
gummed down a short distance apart. After the cards are filled they 
should be well dried, and the box containing them washed outside with 
arsenical soap and pasted over with paper. All the pinned specimens 
should be placed to dry for a few days in the drying-cage and afterwards 
pinned very close together in the corked store-boxes. 

Plants are dried by pressure, by means of the boards and straps, between 
sheets of botanical drying-paper— the paper requiring to be changed three 
or four times. When dry, the specimens may be placed between sheets of 
old newspapers, together with the notes the traveller may have made 
upon them, each placed upon the object to which it refers. Bundles of 
papers containing plants are not of difficult carriage ; but they require to 
be guarded against wet, especially in fording rivers and in rainy weather, 
and should be wrapped in skins or india-rubber sheeting* until they can 
be safely packed in wooden boxes and despatched to Europe. Seeds may 
be collected when quite ripe and preserved in small packets of botanical 
paper, with a number written on referring to preserved specimens of the 
flowers. Dry fruits and capsules should be collected when in countries 
not previously explored by botanists, if the traveller has means of identi- 
fying the species to which they belong. 

Fossils, — The collection of fossils and minerals (except in the case of 
the discovery of new localities for valuable metals) is not to be recom- 
mended to the traveller, if ho is not a Geologist. Fossils from an unex- 
plored country are of little use unless the nature and order of super- 
position of the strata in which they are found can be at the same time 



♦ Waxed paper will be found very Berviceable in excluding the air and damp 
from parcels. It is made by spreading a sheet of writing-paper on a hot plate or 
stone, and smearing it with wax. A hot flat-iron is convenient for making it 
(Galton's ' Art of Travel,* 4th edition, p» 323)« 
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inyestigated. In the cases^ however, of recent alluyial strata or the sapr 
posed beds of ancient lakes, or deposits in caves, or raised sea-beaches 
containing shells or bones of vertebrate animals, the traveller will do 
well to bring away specimens if a good opportunity offers. If the plan of 
the expedition includes the collection of fossil remains, the traveUer will, 
of course, provide himself with a proper geological outfit, and obtain 
the necessary instructions before leaving Europe. 

All collections made in tropical countries should be sent to Europe 
with the least possible delay, as they soon become deteriorated or spoilt 
unless great care be bestowed upon them. Dry skins of animals and 
birds may be packed in wooden cases simply with sheets of paper to 
separate the skins. Shells and skidls should be provided with abundance 
of elastic padding, such as cotton. The boxes containing insects and 
Crustacea should be placed in the middle of large boxes surrounded by 
an ample bed of hay or other light dry elastic material ; if this last point 
be not carefully attended to, it will be doubtful whether such collections 
will sustain a voyage without much injury. 

Travellers have excellent opportunities of observing the habits of 
animals in a state of nature, and these hints would be very deficient were 
not a few words said upon this subject. To know what to observe in the 
economy of animals is in itself an accomplishment which it would be un- 
reasonable to expect the general traveller to possess, and without this he 
may bring home only insignificant details, contributing but little to our 
stock of knowledge. One general rule, however, may be kept always 
present to the mind, and this is, that anything concerning animals which 
bears upon the relations of species to their conditions of life is well worth 
observing and recording. Thus, it is important to note the various 
enemies which each species has to contend with, not only at one epoch in 
its life, but at every stage from birth to death, and at different seasons and 
in different localities. The way in which the existence of enemies limits 
the range of a species should also be noticed. The inorganic influences 
which inimically affect species, especially intermittently (such as the 
occurrence of disastrous seasons), and which are likely to operate in 
limiting their ranges, are also important subjects of inquiry. The mi- 
grations of animals, and especially any facts about the irruption of species 
into districts previously uninhabited by them, are well worth recording. 
Tha food of each species should be noticed, and if any change of custo- 
-aiaiy^ food is observed, owing to the failure of the supply, it should be 
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carefully recorded. The use in nature of any pecuUar physical conform- 
ation of animals, the object of ornamentation, and so forth, should also 
be investigated wheneTcr opportunity occurs. Any facts relating to the 
interbreeding in a state of nature of allied varieties, or the converse — 
that is, the antipathy to intercoursing of allied varieties — would be ex- 
tremely interesting. In short, the traveller should bear in mind that facts 
having a philosophical bearing are much more important than mere anec- 
dotes about animals. 

To observe the actions of the larger animals, a telescope or opera-glass 
will be necessary, and the traveller should bear in mind, if a microscope 
is needed in his journey, that by unscrewing the tubes of the telescope in 
which all the small glasses are contained, a compound microscope of 
considerable power is produced. 



Tables. 

A few Tables are now given, for the most part such as are to be found 
in works on navigation, or else in the Nautical Almanac of the present 
and three subsequent years. They are selected with the view of enabling 
a traveller on a detached expedition to take with him, in a compact form, 
the most necessary information. He can, by their aid, calcxdate accurate 
latitudes from meridian observations of stars, and fair ones (within one 
or two miles) from meridian observations of the sun. The Table of 
sun's mean right ascension, and that of semidiurnal arcs, will enable him 
to utilise his rough knowledge of local time derived from the meridian 
altitude of the sun, or from sunset in a level country, in calculating when 
any star that he may wish to observe will be on the meridian. 

INDEX TO THE TABLES. 



I. Places of fixed stars, p. 84. 
n. Sun's Declination, pp. 85-88. 
III. Refraction, p. 89. 
rV. Semi-diurnal and semi-noc- 
turnal arcs, pp. 90, 91. 
y. Sun's Eight Ascension, p. 92. 
VL Distance of sea horizon, p. 93. 
Use of the above Tables, p. 93. 
Boiling-point thermometer, pp. 



Barometer or aneroid, p. 103, 104. 
Other Tables printed in previous 

pages : — 
Construction of Mercator's maps, 

p. 65. 
Departure and difference of 

Longitude, p. 66. 
Triangulation without imsfcro.- 
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I. Mean Places op the pbincipal Fixed Stabs fob Januaby 1st, 1878, 



Name. 



a Atidromedse . . . Alptaeratrz . 
y Pcgasi .... Algenib . . . 

a Cassiopeae 

/SCeti 

a Ursffi MiDoris . . . Polaris 
a Eridani . . . Acheraar . . . 

a Arietis . 

a Persei 

a Tauri .... Aldebaran . . 
a AurifTfe . . . Capella . . . 
P Orionis . . . Rigel .... 

/3 Tauri 

a CoIumbaB 

a Orionis .... Betelguese . . 
a Argtis . . . Canopus . . . 
a Canis M^joris .... Slrius 

e Canis Majorls 

a^ Geminonim . . . Castor . . 
a Canis Minoris . . . Procyon . 
P Geminomm . . . Pollux . . 

I Argils 

a Hydrse . . . Alphard . . . 
a Leonis . . . Regulus . . . 

rj Argds 

a UrssB Majoris .... Dubhe . 

p Leonis 

•y Ursffi Majoris 

a^ Crucis 

a Virginis Spica . . . 

T} Ursse Majoris 

P ('.entauri 

a Bootis .... Arcturus . . . 

o*Centauri 

a Coronae Borealis . . . Alphacca 

^i Scorpii 

a Triangiili Australis . . . 

a Opbiucbi 

a LyrsB .... Vega .... 

a Pavonis 

a Gruis 

a Piscis Australis . . . Fomalbaut 
a Pegasi .... Markab . . . 



Mag. 



2 
2,? 

var. 
2 

2 

I 
2 

2 
I 
I 
I 

2 
2 

var. 

I 
I 

1,2 

1,2 

I 

1,2 

2 

2 

1,2 

1,2 

1,2 

2 

2,J 

I 

I 

2 

I 

I 

I 

2 

2 

2 

2 

I 

2 

2 

1,2 

2 



Right Asc. 



h. m. 
o 2 



o 
o 
o 

I 
I 

2 
i 

4 
5 
5 

5 
5 

5 
6 
6 
6 

7- 

7 

7 

9 

9 
lo 



7 

37 

33 
oo 
i6 
29 
8 
9 
19 
35 
49 

21 

40 

54 
27 
33 
3S 

14 
22 

2 



10 40 

10 56 

11 43 

11 47 

12 20 

J3 19 

II 41 

U 55 

14 10 

14 Ji 

15 29 

15 58 

16 j6 

17 29 

18 3i 
20 16 
22 I 
22 51 
22 59 



Ann.Var 



s. 



Declination. 



28 25 N. 
14 JO K. 
55 52 N. 

18 39 K. 

88 40 N. 

57 51 8. 
22 S3 N. 

49 26 K. 
16 16 N. 

45 52 N. 

8 21 s. 
28 JO N. 
8 8. 
2J N. 
52 j8 8. 
16 33 8. 
28 48 8. 
J2 9N. 

5 J2N. 
28 19 N. 



J4 

7 



58 
8 



408. 
8 s. 



12 J4 N. 
59 J 8. 

62 25 N. 
15 IJ N. 

54 22 K. 

62 25 8. 
10 JI 8. 

49 55 N. 

59 47 8. 

19 49 N. 

60 20 8. 
27 8 N. 
19 28 8. 
68 48 8. 
12 J9 N. 
j8 40 N. 
57 7 8. 
47 33 8. 

JO 16 8. 

14 33 ». 



Ann. Var. 



+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



n 

20 
20 
20 
20 

^1 

17 

13 

8 

4 
4 
3 
2 
I 

— 2 

— 5 

— 5 

— 8 

= t 

— 15 

— 15 

— 17 

— 19 

— 19 

— 20 

— 20 

— 20 

= II 

— 18 

— 19 

— 15 

— 12 

— 10 

— J 

— 3 
3 

II 

17 
>9 
«9 



+ 
+ 
+ 
+ 
+ 



The mean places may be reduced for any subsequent year by applying, as directed in the 
table, the annual variation In Bight Ascension, and in Declination, multiplied by the number of 
years exceeding 1878. 
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II. Declination of the Sun fob the Yeabs 1878 and 1882 at apparent noon at 

Gbeenwioh.* 



Day. 


Jan. 


Feb. 


March. 


April. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 




^ 


/ 


/ 


/ 


/ 


/ 


» 


/ 


t 


/ 


/ 


1 


I 


2) OS. 


11 IS. 


7 31 8. 


4 36N. 


15 7N. 


22 5N. 


21 7N. 


18 ON. 


8 15.N 


1 148- 


14 29 s. 


21 519. 


a 


22 25 


16 46 


7 8 


4 59 


15 25 


22 n 


21 1 


17 45 


7 51 


1 18 


1448 


22 


J 


22 49 


16 28 


645 


5 22 


1543 


22 20 


22 58 


17 29 


7 11 


4 I 


15 7 


22 8 


4 


22 4J 


k6 10 


6 22 


5 45 


16 I 


22 28 


22 51 


17 14 


7 9 


424 


15 i6 


22 17 


J 


22 l6 


15 52 


5 59 


6 8 


16 18 


22 34 


22 48 


16 57 


647 


4 47 


1544 


22 24 


6 


22 29 


15 J4 


536 


6jl 


16 35 


22 41 


22 42 


16 41 


6 24 


5 10 


16 2 


22 12 


7 


22 22 


15 15 


5 12 


653 


16 51 


2247 


22 16 


16 24 


6 2 


5 31 


16 20 


22 19 


8 


22 14 


1456 


4 49 


7 16 


17 8 


22 52 


22 29 


16 7 


5 19 


556 


16 18 


22 46 


9 


22 5 


14 i7 


4 26 


7 38 


17 24 


22 57 


22 22 


15 50 


5 17 


6 19 


16 55 


22 51 


lo 


21 56 


14 17 


4 2 


8 


17 40 


21 2 


22 14 


15 13 


4 54 


6 42 


17 12 


22 57 


II 


21 4'7 


li 58 


3 39 


8 22 


17 55 


23 6 


22 7 


1$ 15 


411 


7 5 


17 29 


21 2 


12 


21 3*1 


IJ J8 


3 15 


844 


18 10 


21 10 


21 58 


1457 


4 8 


7 27 


17 45 


2? 6 


U 


21 27 


I) 18 


1 51 


9 6 


18 25 


23 14 


21 50 


1419 


1 45 


7 50 


18 I 


2J II 


14 


21 17 


12 57 


2 28 


9 28 


18 40 


23 17 


11 41 


14 21 


1 22 


8 12 


18 17 


21 14 


15 


21 6 


12 J7 


1 4 


9 49 


18 54 


21 20 


21 12 


14 2 


2 59 


814 


18 12 


21 18 


i6 


20 54 


12 16 


I 40 


10 II 


19 8 


21 22 


21 21 


n 41 


2 36 


8 57 


1847 


21 20 


I? 


20 4J 


" 55 


1 17 


10 J2 


19 12 


21 24 


11 12 


u 24 


2 11 


9 19 


19 2 


2? 2J 


18 


20 It 


II J4 


53 


10 53 


19 iS 


21 25 


21 I 


U 5 


I 49 


9 40 


19 17 


21 25 


«9 


20 18 


II u 


29 


II 14 


1948 


21 26 


20 51 


1245 


I 26 


10 2 


19 1 


23 26 


20 


20 5 


10 51 8. 


6 


" 34 


20 I 


11 17 


20 40 


12 25 


.^ ^ 


10 24 


1945 


23 27 


21 


19 52 


10 29N. 


18 


II 55 


20 u 


11 17 


20 28 


12 5 


40 


1045 


19 58 


23 27 


22 


19 18 


10 8 


42 


12 15 


20 25 


13 27 


20 16 


II 45 


16 


II 7 


20 II 


23 27 


11 


1924 


946 


I 5 


12 15 


20 17 


21 27 


20 4 


II 25 


78. 


II 28 


20 74 


23 27 


14 


19 10 


924 


I 29 


12 55 


10 48 


21 26 


19 52 


II 5 


11 


II 49 


20 16 


2? 26 


25 


18 5f 


9 » 


I 53 


13 14 


2059 


21 14 


1919 


1044 


054 


12 9 


20 48 


21 24 


26 


18 40 


8 J9 


2 16 


13 34 


21 9 


21 22 


19 26 


10 21 


I 17 


12 10 


20 59 


23 22 


*7 


18 26 


817 


2 40 


13 53 


21 20 


2? 20 


19 12 


10 2 


1 41 


12 51 


21 10 


23 20 


18 


18 9 


7 54 


3 3 


14 12 


21 29 


21 18 


18 59 


941 


2 4 


11 II 


21 21 


2? 17 


19 


17 5J 


• • 


3 27 


14 31 


11 39 


21 14 


1844 


9 20 


2 28 


11 H 


21 11 


2? 14 


lo 


17 J7 


• • 


3 50 


1449 


11 48 


21 11 


18 10 


8 58 


2 51 


n 51 


21 41 


23 10 


31 


17 20 


• • 


413 


• • 


2157 


• • 


18 15 


8 16 


• • 


14 10 


• • 


21 6 



* The declination for the years 18Y8-Y9-80 and 81 are to the 
years 1882-83-84 and 85 are almost equally correct; even for the 
1889, the greatest error little exceeds a single minute. 



nearest minute. The declination for the 
next term of four years, 1886, 18Y8, I8«a. 
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II. continued, — ^Deolinatioh of thb Suk fob the Tbabs 1879 xsd 1883 at 

NOON AT GbBENWIOH. 



Day. 


Jan. 


Feb. 


Mar. 


April 


May. 


Jane. 


July. 


Aug. 


Sept. 


Oct. 


Not. 


Sec 




r 


f 


1 


1 


1 


1 


c / 


f 


/ 


/ 


• 


|f 


I 


2j 18. 


17 79. 


7 368. 


4 JIN. 


15 3^' 


22 JK. 


2J 8n. 


18 4N. 


8 20N. 


3 98. 


1415 a. 


IX 48 s. 


2 


22 56 


16 50 


7 14 


4 54 


15 21 


22 II 


2J 4 


1749 


758 


3 32 


1444 


1x58 


J 


22 50 


16 }2 


651 


5 17 


15 39 


22 19 


22 59 


17 33 


7 36 


3 55 


15 1 


22 6 


4 


2244 


16 14 


6 28 


5 40 


15 56 


22 26 


22 54 


17 17 


7 14 


4 x8 


X5 21 


as 15 


5 


22 J8 


15 56 


6 4 


6 J 


16 14 


22 JJ 


2249 


17 I 


6 52 


442 


1540 


1213 


6 


22 il 


15 J8 


541 


6 25 


16 JI 


22 J9 


22 4J 


1645 


6 30 


5 5 


1558 


IIJO 


n 


22 2j 


15 19 


5 18 


648 


1647 


22 45 


22 J7 


16 28 


6 7 


528 


x6 16 


11 H 


8 


22 16 


15 I 


4 55 


7 10 


17 4 


22 51 


22 JO 


16 12 


5 45 


551 


16 33 


1144 


9 


22 7 


14 41 


431 


7 33 


17 20 


22 56 


22 2J 


15 54 


5 22 


614 


x6 5x 


M JO 


lO 


21 58 


14 22 


4 8 


7 55 


17 3(> 


2J I 


22 16 


15 37 


4 59 


636 


17 8 


23 55 


II 


21 49 


14 2 


i 44 


8 17 


17 51 


2J 5 


22 8 


15 19 


437 


659 


17 25 


IJ 1 


12 


21 40 


1} 4? 


3 21 


8 J9 


18 7 


2J 9 


22 


15 1 


414 


7 22 


17 4» 


23 $ 


13 


21 JO 


IJ 23 


2 57 


9 X 


18 22 


2J IJ 


21 52 


14 4J 


3 51 


744 


17 51 


11 10 


»4 


21 19 


13 2 


2 33 


9 2J 


18 J6 


2J 16 


21 4J 


1425 


3 28 


8 7 


18 IJ 


11 IJ 


15 


21 8 


12 42 


2 10 


944 


18 51 


2J 19 


21 J4 


14 6 


3 5 


829 


x8 29 


11 17 


i6 


20 57 


12 21 


I 46 


10 5 


19 5 


2J 21 


21 24 


13 47 


241 


851 


X844 


1110 


17 


20 46 


12 


I 22 


10 27 


19 ^9 


2J 2J 


21 14 


IJ 29 


2 18 


9 W 


1859 


nil 


I8 


20 J4 


II 39 


I 59 


10 48 


19 32 


2J 25 


21 4 


13 9 


I 55 


9 35 


19 »3 


1314 


19 


20 21 


II 18 


035 


II 9 


19 45 


2J 26 


20 5J 


12 50 


I 32 


957 


1927 


11 li 


20 


20 8 


10 56 


II 8. 


II 29 


19 58 


2J 27 


20 42 


12 JO 


I 8 


xo 19 


19 41 


1117 


21 


19 55 


10 35 


12 N. 


II 50 


20 10 


2J 27 


20 JI 


12 10 


045 


xo 40 


1955 


*1>7 


22 


1942 


10 13 


j6 


12 10 


20 22 


2J 27 


20 19 


II 50 


22K. 


II 2 


20 8 


11 n 


2J 


19 28 


951 


I 


12 JO 


20 J4 


2J 27 


20 7 


II JO 


2 8. 


II 23 


20 21 


2i 17 


24 


19 jj 


9 29 


I 23 


12 50 


20 45 


2J 26 


19 55 


II 9 


25 


IX 44 


2033 


11 16 


15 


18 59 


9 7 


I 4? 


IJ 10 


20 56 


2J 25 


194a 


1049 


48 


12 5 


2045 


11 If 


26 


18 44 


844 


2 II 


IJ 29 


21 7 


2J 2J 


1929 


10 28 


X 12 


12 25 


20 56 


11 11 


27 


18 28 


8 22 


2 34 


IJ 48 


21 17 


2J 21 


19 16 


10 7 


I 35 


12 46 


21 8 


nil 


28 


18 13 


7 59 


2 58 


14 7 


21 27 


2J 18 


19 2 


946 


I 59 


13 6 


2X x8 


n 18 


»9 


17 57 


• . 


3 21 


14 26 


21 J7 


2J 15 


18 48 


925 


2 22 


13 26 


21 29 


23 15 


JO 


17 41 


• • 


3 44 


1445 


21 46 


2J 12 


18 J4 


9 3 


245 


13 46 


21 39 


11 IX 


Ji 


17 24 


• • 


4 8 


• • 


21 55 


• • 


18 19 


84a 


• • 


M 5 


• • 


aj 7 
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II. ooatinued, — ^Declination of thb Sun fob the Teabs 1880 and 1884 at apparent 

NOON AT Greenwich. 



Day, 


Jan. 


Feb. 


Mar. 


April. 


1 May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 




» 


1 


/ 


/ 


f 


t 


/ 


/ 


f 


/ 


/ 


/ 


I 


2} 2 8. 


17 IIS. 


7 193. 


448JI. 


15 I7N- 


22 9N. 


23 $N. 


17 52N. 


8 4N. 


3 268. 


14 398. 


21 55 s. 


2 


22 57 


x6 54 


656 


5 II 


15 35 


22 17 


23 


17 37 


742 


3 50 


1458 


.« 4 


i 


22 52 


16 37 


6 33 


5 34 


1$ 52 


22 24 


22 56 


17 21 


7 20 


4 13 


15 17 


22 IJ 


4 


22 46 


16 19 


6 10 


5 57 


16 10 


22 31 


22 50 


17 5 


6 57 


4 36 


15 35 


22 21 


5 


22 J9 


16 X 


$47 


6 20 


16 27 


22 38 


22 45 


1649 


635 


4 59 


15 54 


22 28 


6 


22 i2 


15 42 


5 24 


6 42 


16 43 


2244 


22 38 


16 32 


6 ij 


5 22 


16 12 


22 35 


^ 


22 25 


X5 24 


5 


7 5 


17 


22 49 


22 32 


x6 16 


5 50 


5 45 


16 29 


22 42 


8 


22 17 


15 5 


4 37 


7 27 


17 x6 


22 55 


22 25 


15 59 


J 28 


6 8 


1647 


22 48 


9 


22 9 


1446 


413 


7 50 


17 32 


23 


22 18 


15 41 


5 5 


631 


17 4 


22 54 


lo 


22 X 


1427 


3 50 


8 12 


1748 


23 4 


22 10 


15 24 


442 


654 


17 21 


22 59 


II 


21 52 


14 7 


326 


8 34 


18 3 


2J 8 


22 2 


15 6 


4 19 


7 16 


17 37 


23 4 


12 


21 42 


1347 


3 3 


8 56 


18 x8 


23 12 


21 54 


1448 


356 


7 39 


17 53 


23 9 


li 


21 32 


13 27 


2 39 


9 17 


18 33 


23 15 


21 45 


14 29 


3 33 


8 I 


18 9 


23 12 


H 


21 22 


13 7 


2 15 


9 39 


1847 


23 18 


21 36 


14 II 


3 10 


8 24 


18 25 


23 16 


15 


21 XX 


1247 


I 52 


xo 


19 2 


2J 21 


21 26 


13 52 


247 


8 46 


18 40 


23 19 


i6 


21 


X2 26 


X 28 


xo 22 


19 15 


23 23 


21 17 


13 33 


2 24 


9 8 


18 55 


23 22 


17 


20 48 


12 5 


I 4 


1043 


X929 


23 25 


21 6 


13 14 


2 I 


9 30 


19 10 


23 24 


I8 


20 j6 


XX 44 


04X 


II 4 


1942 


23 26 


20 56 


12 54 


I 37 


9 52 


19 24 


23 25 


19 


20 24 


XI 2J 


17 s. 


II 24 


1955 


23 27 


2045 


12 35 


I 14 


10 13 


19 38 


23 26 


lo 


20 XI 


II I 


7N. 


II 45 


20 7 


23 27 


20 14 


12 15 


51 


10 35 


19 51 


2? 27 


21 


19 58 


10 40 


30 


12 5 


20 19 


23 27 


20 22 


II 55 


28 


10 56 


20 5 


23 27 


22 


19 45 


xo 18 


054 


X2 25 


20 31 


23 27 


20 10 


II 35 


4N. 


If 17 


20 17 


23 27 


23 


19 31 


9 56 


X 18 


1245 


20 4J 


23 26 


1958 


II 14 


198. 


II 39 


20 30 


23 26 


24 


19 17 


934 


I 41 


13 5 


20 54 


23 25 


1945 


1054 


043 


II 59 


20 42 


23 25 


25 


19 2 


9 12 


2 5 


1324 


21 4 


23 23 


19 32 


10 33 


I 6 


12 20 


2054 


23 2} 


26 


X847 


8 50 


2 28 


13 44 


2X 15 


23 21 


19 19 


10 12 


I 29 


12 41 


21 5 


23 21 


*7 


18 }2 


8 27 


252 


14 3 


21 25 


23 19 


19 5 


9 51 


I 53 


13 I 


21 16 


23 19 


28 


18 17 


8 5 


3 15 


14 22 


21 34 


23 16 


18 51 


9 30 


2 16 


13 21 


21 26 


23 15 


29 


18 X 


7 42 


3 39 


1440 


21 44 


23 13 


18 37 


9 9 


240 


13 41 


21 36 


23 12 


30 


1744 


• • 


4 2 


1459 


21 52 


23 9 


18 22 


847 


3 3 


14 I 


21 46 


23 8 


31 17 28 


• « 


425 


. * 


22 I 


• • 


18 8 


825 


• • 


14 20 


• • 


23 3 
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k^^AM ■^^•t 


NOON 


AT GrRENWIOH. 




— ^ ^%#%#%^ 






Day. 

t 


Jan. 


Feb. 


Mar. 


April. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct 


Nov. 


Dec 


/ 


/ 


/ 


1 


f 


f 


*/• 


t 


1 


/ 


t 


/ 


I i 22 58 s. 


16 58 s. 


7 258. 


4 42N 


15 I2N. 


22 7N. 


2J 6n. 


17 56N. 


8 9if. 


3 218. 


14 358. 


21 518- 


1 1 22 5J 


16 41 


7 2 


5 6 


15 30 


22 15 


23 I 


17 41 


7 47 


3 44 


14 54 


22 2 


1 1 22 47 


16 2J 


6 J9 


5 29 


1548 


22 22 


22 57 


17 25 


7 25 


4 7 


15 12 


22 IX 


1 
4 


22 41 


16 5 


6 16 


5 51 


16 5 


22 29 


22 51 


17 9 


7 3 


4 31 


15 31 


22 19 


5 

1 


22 J4 


H47 


5 5J 


614 


16 22 


22 36 


22 46 


16 53 


6 40 


4 54 


15 49 


22 26 


6 1 22 27 


15 29 


5 29 


6 J7 


i6 J9 


22 42 


22 40 


16 36 


6 18 


5 17 


16 7 


22 34 


7 ; 22 19 


15 10 


5 6 


6 59 


16 56 


22 48 


22 34 


16 20 


556 


540 


16 25 


22 40 


8 22 II 


14 51 


4 4J 


7 22 


17 12 


22 S3 


22 27 


16 3 


5 33 


6 3 


16 43 


22 47 


9 22 J 


14 n 


4 19 


•7 44 


17 28 


22 59 


22 20 


15 45 


5 10 


6 26 


17 


22 51 


10 21 54 


14 12 


^56 


8 6 


1744 


2? 3 


22 12 


15 28 


448 


6 48 


17 17 


22 58 


n 21 44 


13 52 


3 32 


8 28 


17 59 


23 7 


22 4 


15 10 


425 


7 I' 


17 33 


23 3 


12 21 J5 


u 32 


3 9 


8 50 


18 14 


23 II 


21 56 


14 52 


4 i 


7 34 


17 50 


23 7 


U 1 21 24 


IJ 12 


245 


9 12 


18 29 


2J 15 


21 47 


14 34 


3 39 


7 56 


18 6 


23 X2 


14 1 21 14 


12 52 


2 21 


9i4 


1844 


23 18 


21 38 


M 15 


3 16 


8 x8 


18 21 


23 X5 


15 i 21 3 


12 JI 


I 58 


9 55 


18^8 


23 20 


21 29 


13 57 


2 53 


841 


18 37 


23 18 


16 1 20 51 


12 10 


I M 


10 16 


19 12 


23 22 


21 19 


13 38 


2 29 


9 3 


18 52 


23 21 


17 20 J9 


II 49 


I 10 


10 31 


19 25 


23 24 


21 9 


13 19 


2 6 


925 


19 6 


23 23 


18 j 20 27 


II 28 


047 


10 58 


19 39 


23 26 


20 58 


12 59 


I 43 


9 47 


19 21 


23 25 


19 ' 20 1$ 


IX 7 


22 s. 


II 19 


19 52 


23 27 


20 48 


12 40 


1 20 


10 8 


19 35 


23 26 


23 20 2 


1045 


IN. 


II 40 


20 4 


23 27 


20 36 


12 20 


56 


10 30 


1948 


23 27 


21 1 19 48 


10 24 


24 


12 


20 16 


23 27 


20 25 


12 


33 


10 51 


20 I 


23 27 


22 ; 19 J4 


10 2 


48 


12 20 


20 28 


2J 27 


20 13 


II 40 


ION. 


" 13 


20 14 


23 27 


2? 19 20 


940 


I 12 


12 40 


20 40 


2} 26 


20 I 


II 19 


148. 


II 34 


20 27 


13 26 


24 19 6 


9 18 


I 35 


IJ 


20 51 


23 25 


1948 


10 59 


037 


" 55 


20 39 


23 25 


25 


18 51 


855 


I 59 


IJ 20 


21 2 


23 24 


19 3S 


10 38 


X I 


X2 15 


20 51 


2324 


26 


18 36 


8 33 


2 22 


n J9 


21 12 


23 22 


19 22 


10 17 


1 24 


12 36 


21 2 


23 22 


27 


18 20 


8 10 


2 46 


13 58 


21 22 ' 


23 19 


19 8 


9 56 


I 41 


12 56 


21 13 


23 19 


28 


18 5 


748 


3 9 


14 17 


21 32 


23 17 


18 55 


935 


2 IX 


13 16 


21 24 


23 16 


29 


17 49 


7 25 


3 33 


14 3S 


21 41 


23 13 


18 40 


9 H 


2 34 


13 36 


21 34 


23 XI 


13 


17 ^2 


• • 


356 


1454 


21 50 


23 10 


18 26 


8 52 


258 


13 56 


21 44 


21 9 


?I 17 15 


• • 


4 »9 


• • 


21 59 


• • 


18 II 


8 30 


• • 


14 16 


• • 


23 4 
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HINTS TO TRAVELLERS. 
V. Sorfa MuN BiOHT Asoehskht. 



D.ri 


j^ 


™. 


M.„. 


April 


M.r. 


..„. 


1 
July. 1 Aug, 


a.pt. 


OCL 


KOT. 


D«. 


M 
M 


■a 46 

18 J4 
'9 1 
.911 

19 11 

19 >9 
19 JB 

■9i! 

1017 

1046 


10 58 
mi 

11 je 

1146 

11 St 

1109 
«i: 

IUft 

1141 

«46 


iJ4« 

11 S6 
IJS9 

3JM 

1140 

ma 
D 09 

"' 


os6 

1 16 

1 40 
I 46 

' S9 
106 

1 J9 


14B 

1S6 
104 

J 19 

! 4i 
147 


4 4° 
44a 
456 

529 

146 

fU 

! S» 

619 
6J6 


640 
644 
64B 

6i6 

7.9 

7 45 
749 

S41 


B49 
B56 

90a 
9 'I 

946 
ID 04 


h. m 
1=48 
1059 

,.46 

11 J) 

11 J6 

11 IS 


■ I iq 

114: 

11 S8 
U Of 

U4* 
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U JB 

1406 

M'l 

1411 


14 n 

1441 

'4 49 

'J =9 

1(4* 

1616 


)i.in. 

16 B) 

16 » 
.6J7 
1642 
1646 
>6Ti 

•en 

17 04 

17 08 

17 17 

17* 
17 JO 

17 H 

1741 
17 -t* 
1751 
1)57 
iBOl 
IB0« 

18 ID 

18 1) 

1811 
IS IB 

■8 41 
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VI. Distance of the Sea Horizon, uncobbeoted fob effects of Refraction.* 



Height. 


Dis- 
tance. 


Height. 


Dis- 
tance. 


Height. 


Dis- 
tance. 


Height. 


Dis- 
tance. 


Height. 


Dis- 
tance. 


Height. 


Dis- 
tance. 


Feet. 




Feet. 




Feet. 




Feet. 




Feet. 




Feet. 




I'l 


I 


390 


21 


1487 


41 


3293 


61 


90J2 


lOI 


17608 


141 


35 


2 


428 


22 


1561 


42 


35i3 


63 


9i93 


lOJ 


18111 


145 


80 


3 


468 


23 


i6j6 


43 


314P 


65 


9760 


105 


18622 


145 


14-2 


4 


510 


24 


1713 


44 


3914 


67 


iorj5 


107 


19140 


147 


12*1 


5 


550 


25 


1792 


45 


42 Ii 


69 


10518 


109 


19664 


149 


ji-9 


6 


598 


26 


1872 


46 


4461 


71 


10908 


III 


20197 


151 


4rj 


7 


645 


27 


1954 


47 


4716 


13 


11J04 


113 


20736 


153 


56-6 


8 


694 


28 


20J9 


48 


4976 


75 


11709 


"5 


21282 


155 


71-7 


9 


744 


29 


2124 


49 


5249 


77 


12120 


117 


2l8j6 


157 


88-5 


10 


797 


30 


2212 


50 


5524 


79 


I25J8 


119 


22391 


159 


107 


II 


850 


31 


2J0I 


51 


'5808 


81 


12966 


121 


22964 


161 


127 


12 


906 i 


32 


2393 


52 


6098 


B3 


13391 


123 


23540 


163 


149 


13 


964 


33 


2485 


53 


6394 


85 


Ij8j6 


125 


2412 1 


165 


i7i 


14 


I02J 


34 


2581 


54 


67cx> 


87 


14282 


127 


247II 


167 


199 


15 


1084 


35 


2677 


55 


7012 


89 


14757 


129 


25307 


169 


226 


16 


II47 


36 


2775 


56 


1332 


91 


15197 


131 


259" 


171 


256 


X7 


I2II 


31 


2875 


57 


7656 


93 


15664 


133 


26521 


173 


287 


18 


1278 


3Z 


2977 


58 


7987 


t 95 


161 J9 


135 


27139 


175 


n9 


«9 


1^46 


39 


J08I 


59 


B330 


97 


16622 


157 


27764 


177 


m 


20 


I416 


40 


ii86 


60 


8678 


99 


17111 


n9 


28396 


179 



(^Approximately the distance visible in miles is the square root of the height in feet, an acci- 
dental relation easy to remember.) 

• The efifects of refraction at low angles are very variable, but in ordinary cases, If the height of 
observer be supposed to be increased by one-third, the distance of the visible sea horizon will not 
exceed the tabular value corresponding to the revised entry. . Extraordinary cases are those of 
mirage, &c., for which no general rule can be given. 



Use of the Tables. 

To find the approximate time of a star passing the meridian, subtract 
the sun's right ascension from the star's right ascension (increasing the 
star's right ascension by 24 hours if it is less than the sun's right 
ascension), and the remainder will be the approximate (apparent) time 
of the star passing the meridian. 
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Example i. — At what (apparent) time will the following stars be on the 
meridian on May 25th. 
a LyrsB. 
a Orionis. 

H. M. 

Right ascension a LyrsB 18 33 

Sun's right ascension, May 25th 47 

Approximate time of a Lyrse being on the meridian 14 26 

Bight ascension a Orionis 5 49 

Sun's right ascension, May 25th 47 

Approximate time of a Orionis being on the meridian i 42 

Example 2. — At what (apparent) time will ^ Orionis be on the meridian 
December 22nd, in lat. 40° n. ? 

H. M. 

Right ascension ^ Orionis 59 

Sun's right ascension is greater than star's, therefore I 
add24hours (24 o 



29 o 
Sun's right ascension, December 22nd 18 i 



Approximate time of ^ Orionis being on the meridian 11 8 

N.B. The altitude of any star when passing the meridian may be found 
by adding together the complement of the latitude of the place of observa- 
tion and the declination of the star, when they are of the same name^ or 
taking their diflference when of contrary names; the altitude to be 
reckoned from the south point of the horizon when the latitude is north, 
and the contrary when south ; but when the sum exceeds 90° it is to be 
taken from 180° and the altitude is to be reckoned from the north in 
north latitude, and the south in south latitude. When using the arti- 
ficial horizon, the altitude to which the index of the sextant is to be set 
must, of course, be doMe the altitude found by this method. 
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To find the time of the Sun's Rising or Setting, enter Table VI. with the 
latitude and declination, and the tabular value will show the apparent 
time of the sun's setting when the latitude and declension are the same 
name, or of its rising when the latitude and declination are of contrary 
names, and this, subtracted from 12 hours, will giye the apparent time 
of the sun's rising in the former case, and of its setting in the latter. 

Double the time of rising will give the length of the night. 

Double the time of setting will give the length of the day. 

{Example,) Kequired the (apparent) time of the sun's rising and setting, 
and the length of the day and night in lat. 46° n., and the declination 
18 N. 

Tabular value answering to lat. 46° and decl. 18° is 7 h. 19 m. Hence 
in lat. N. 46°, decl. n. 18, time of sunset is 7 h. 19 m., and that of sun- 
rise is 12 h. — 7 h. 19 m. = 4 h. 41 m. 

The same is true for lat. s. 46°, decl. s. 18°. 

Conversely, both for lat N. 46°, decLts. 18°, and for lat. s. 46°, decl. n. 
18°, the time of sunrise is 7 h. 19 m., and that of sunset is 4 h. 41 m. 

Li the first pair of cases the length of the day is 2 x 7 h. 19 m. = 
14 h. 38 m., and that of the night is 2 x 4 h. 41 m. = 9 h. 22 m. ; and in 
the second pair, conversely, the length of the night is 14 h. 38 m., and 
that of the day 9 h. 32 m. 

To find the time of a Starts Rising and Setting, subtract the sun's right 
ascension. Table V., from the star's right ascension. Table I. (increasing 
the star's right ascension by 24 hours if it is less than the sun's right 
ascension), and the remainder will be the approximate time of the star's 
passing the meridian, then the latitude and declination found in this table 
will give the time the star takes in ascending from the horizon to the 
meridian, and descending from the meridian to the horizon, when the 
latitude and declination are the same names ; therefore, if these hours and 
minutes be subtracted from the time of its passage over the meridian, the 
remainder will be the apparent time of its rising ; and, if added, the sum 
will be the time of its setting. 

When the latitude and declination are of contrary names, the time 
found in the table will be the half of the continuance of the star under 
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the horizon ; consequently it is to be subtracted from 12 hours to give 
half the time of its continuance aboYe the horizon. 

{EoMmple,) At what time (apparent) does the star ^ Leonis rise and 
set on May 30th in lat. 46° n. ? 

H. H. 

star's R A 11 43 

Sun's E. A 427 

Star's approximate meridian passage 7 16 

Time in table answering to lat. 46° n. and star's ) 
declination 15° 15' N 3 

Eemainder = time of star's rising 0012 

Sum = time of star's setting 14 20 p.m. 

or .. .. 2 20 A.M. 

{Example,') At what time (apparent) does the star a Ophiuchi rise and 
set on May 12th, in lat. 30 s. ? 

H. M. 

star's R. A 17 29 

Sun's R A. .. 3 15 

Star's approximate meridian passage 14 14 

Time answering in table to 30° s. lat., and star's] 
declination 12° 39' n. = 6 h. 36 m. which, sub-> 5 30 
tracted from 12, gives 5 h. 30 m J 

Bemainder = time of star's rising 844 

Sum = time of star's setting 19 44 p.m. 

or .. .. 7 44 A.M. 

Distance of the horizon : — Table YI., giving the distance of the horizon 
afl seen over water from different heights above it, will be found very 
useful both in checking exaggerated estimates of the width of lakes 
whose opposite shores are invisible, and also as a rude means of judging 
the distance of objects seen across water. 
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TABLES* FOR THE DETERMINATION OP HEIGHTS. 
By the Tempebatube op Boxling Water, &o. 

Enter Table L, p. 98, with the boiling-point at each of the two stations, 
and extract the numbers that stand opposite to them in the colnnm headed 
" Altitudes, &c." The difiference between these numbers gives the dif- 
ference of height between the two stations, supposing the mean tempera- 
ture of the intermediate air to be 32° Fahr. The correction for the 
temperature of the air, when it differs from this value, is given in 
Table II. We take the mean of the thermometers (exposed in shade) at 
the upper and lower stations, and we enter Table 11. with that mean 
value, and the number that stands opposite to it, in the column headed 
" Multiplier," must be multiplied with the results obtained from Table I. 
Thus:— 

At station A the boiling-point = i85'°i, tabular number = 9095 
B „ =2io-°3, „ = 887 

Approximate difference of height = 8108 feet. 

To correct for temperature of intermediate air: — 
At station A, temp, of air = 65° Fahr. 
>* ^> ff ^^ 73 ff 

2)138 

69 = mean temperature of intermediate air. 



* These extended Tables will give much facility to the traveller both in 
calculating altitudes and in checking the index error of the aneroid, by means 
of the boiling-point thermometer. I have computed Table I. from Tables XXYI. 
and II., in the hypsometric series in Guyot's collection. It did not seem worth 
while to correct the figures thence obtained for the slight excess of temperature, 
viz. : o°*oi5 Fahr., of the French boiling point over that of the English. It is 
too small to be sensible in ordinary instruments, and it becomes totally unim- 
portant in determining differences of level, or changes in the index error of an 
aneroid.— F. Galton. 
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In Table II, the multiplier coneBpondiag to 69° is i-oSa, and roSa x 
810S = 8772 (neglectii^ decimal fractions). 

In those rare cases where greater altitudee are dealt with than are 
included witliin the limits of the table, the traveller should allow 570 feet 
for the difference between 185° and 184°; 572 feet for that between 184° 
and 183°; 574 feet for the next interval, and so on. 
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BAROMETRIC TABLES. 101 

When the boiling-point at the upper station alone is observed, we have 
no option but to assume 30*00 inches, or a little less, as the average height 
of the barometer at the level of the sea. The altitude of the upper station 
is then at once approximately obtained by inspection of Table I. ; correct- 
ing for assumed temperature of the air at the sea-level. The serious in- 
accuracy to which the above assumption may lead, and its possible preven- 
tion by repeated observations at intervals extending over a considerable 
period, has already heen pointed out (p. 27). 



By Babombtbb ob Akeboid. 



The small but complete Tables, next page, will be especially useful to 
those who carry a mountain barometer and are anxious to make accurate 
determinaticms, but are not famished with larger tables. These are cal- 
culated by Loomis, and are extracted from Guyot's collection. 

Part I. gives the altitude, subject to correction, for the temperature of 
the air, and for the other influences which are the subjects of Parts II., 
ni. IV., and V. 

Method of Computation, — (i) Take from Part I. the two numbers cor- 
responding to the two barometric heights ; (2) from their difference sub- 
tract the correction found in Part 11., with the difference between the 
thermometers that are attached to the barometers (Mem. this correction 
is not wanted for aneroids, for their works are mechanically compensated 
for temperature); (3) for the temperature of the intermediate air 
between the two stations, multiply the nine-hundredth part of the value 
already obtained by the difference between the sum of the temperatures 
at the two stations and 64°. This correction is additive when the sum of 
the temperatures exceeds 64°, otherwise it is subtractive. Otherwise, 
what comes to the same t^ng, use the multiplier already given in Table 11. 
p. 100 ; (4) for farther precision take corrections from Parts III. and IV., 
also from Part V., when ^e lower station is so high as to bring the case 
within the range of that table :— 
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( Example,) Upper Station. Lower Station by Sea. 

D o 

Thermometer in open air .. .. 70*3 .. 77*5 

Thermometer in barometer . . . . 70 ' 3 . • 77*5 

Barometer 23*66 .. 30*046 

Latitude 21°. 



Part I. gives \ 



for 30*046 inches 27649*7 

for 23*66 inches 21406*9 



Difference 6242*8 

Partll. gives for 77°* 5 — 70^*3 ( = 7°*2).. .. —16*9 

Approximate altitude .. .. 6225*9 

^^^^'^ + {77°'5 + 7o°*3 - 64} = 6*918 X 83*8 = +579*7* 
900 

Nearly correct altitude .. .. 6805*6 

Part III. gives for above altitude and latitude 21 +13*3 

Part IV. gives for above altitude +19* 3 

Part V. is not used in this case o'o 

Correct height above sea . . . . 6838 * 2 feet. 



* If Table II., p. 100, had been used, we should have written — 

= 74° nearly. 



77°*5 + 7o°*3 _ 



2 



The corresponding multiplier is i "09 J3 

1*0933x6225*9 = 68o6*8 



BAROMETRIC TABLES. 
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PART I. 
Argument, the observed HsrGHT op the Barometer at either Station. 



Inches. 



II'O 

ii*i 

II-4 
II-5 
II-6 
II-7 
II-8 
II-9 

I2*0 
12*1 
12*2 
I2-J 
12-4 
12-5 
12-6 
12-7 
12*8 
12-9 

iro 
in 

U'2 
11-4 

n*5 
ir6 
n-7 
i?-8 
ir9 

I4-0 

I4-I 
14-2 

14*4 
14*5 
14-6 

14-7 
14-8 
14-9 
i5'o 
I5-I 
15-2 

15*4 
15*5 
i<-6 

15*7 
15-8 

15-9 
i6*o 



Feet. 



1^96*9 

i6?ri 

i86'7*6 
2099-9 

2??0'I 

2558-3 
2784-5 
ioo8-7 
i2ii-i 
3451-6 
3670*2 
3887-0 
4102-0 

5?i5*? 
4526-9 
47J6-7 

4944*9 
5151-4 
5356-4 

5559*7 
5761-4 
5961-6 
6160-3 

6357*5 
655J-2 
6747-5 
6940-3 
7131-7 
7321-7 

7510-3 
7697-6 
7883-6 
8068-2 
8251-5 
84??-6 
8614-4 
8794-0 
8972-3 

9'49*5 

9^25-5 

9500-3 

967r8 

9846-2 

10017-5 

10187-7 

IOJ56-8 

10524-8 

10691-8 

10857-7 

11022-5 

11186-3 



DifiF. 



2?6-4 

234* i 
232-3 
2?o-2 
228-2 
226-2 
224-2 
222-4 
220-5 
218-6 
2i6-8 
215-0 

213-3 
2II-6 

209-8 
208 -2 
206-5 
205-0 

203-3 

201-7 

200-2 

98-7 

97*2 

95*7 

94*J 
92-8 

91-4 

90-0 

88-6 

87-? 



Inches. 



i6-o 
16-1 
16-2 
16-3 
16-4 
i6-5 
16-6 
i6-7 
16-8 
16-9 
17-0 
17-1 
17-2 
17-3 
17*4 

17-6 

17-7 
17-8 

17-9 
I8-0 

18-1 
18-2 
18-3 
18-4 
18-5 
18-6 
18-7 
18-8 
18-9 
19-0 
19-1 
19-2 

19-i 
19-4 

19-5 
19-6 
19-7 
19-8 
19-9 
20-0 
20-1 
20-2 

20-3 
20-4 
20-5 
20-6 
20-7 

20-8 

30-9 
21-0 



Feet. 



1186-3 
i?49-i 
1510-9 
i6'7i-7 

183^-5 
1990-3 

2148*2 
2305*1 
2461*0 
2616-1 

2770-2 

2923-5 
J075-8 

3227-3 

3J77-9 
3527*6 

3676-5 
3824-5 

3971*7 
4118-0 
426?-6 
4408-3 
4552-3 
4695*4 
48?7'8 

4979*4 
5120-3 
5260-3 

5J99*7 
55?8-3 
5676-2 

5813*3 
5949*8 
6085*5 
6220-5 

6354*8 
6^88-5 
6621-4 
675?-7 

6885-3 
7016- J 
7146-6 
7276-3 
7405 -i 

75?3-7 
7661-4 

7788-6 

7915-1 
8041*0 

8i'6-3 
1 8291-0 



Dlff. 



62-8 
6i-8 
60-8 

59*8 
58-8 

57-9 
56-9 

55*9 
55-1 
54*1 
5r3 
52-3 
51-5 
50-6 

49*7 
48-9 

48-0 

V, 

45-6 

44*7 
44-0 

4?-i 
42*4 
41-6 

40-9 
40-0 

n*9 

J7-I 

36-5 

J5*7 

?5*o 

H*i 

J3-7 
32-9 

32-3 
31-6 
31-0 
?o-3 
29-7 
29-0 
28-4 
27-7 
27-2 
26-5 

25-9 
25- J 
24-7 



Inches. 



21-0 
21-1 

21-2 

21*3 

21*4 

21*5 
21-6 
21-7 

21*8 

21*9 
22-0 
22-1 

22*2 
22*3 
22-4 
22-5 
22-6 
22-7 
22-8 
22*9 
23-0 
23-1 
23-2 
2?-3 
2?-4 

23*5 
2J-6 
21-7 
23*8 

23 9 
24*0 
24-1 
24*2 

24*3 
24-4 
24*5 
24-6 
24-7 
24-8 

24-9 
25-0 

25-1 
25 2 
25-3 
25-4 
25*5 
25-6 
25-7 
25*8 

25-9 
26-0 



Feet. 



18291-0 
18415-1 
i85?8-7 
18661-6 
18784-0 
18905-8 
19027-0 
19147*7 
19267*8 
I9J8V4 
19506*4 
19624-9 

19742-9 
19860-3 

19977-2 
20093-6 
20209-4 
20324-8 
20439-6 

20554*0 
20667-8 

20781 -I 

20894*0 

2ioc?o-4 

21118-3 

21229-i 

21340-6 

2I45I-I 

21561*1 

21670-6 

21779*7 
21888-^ 

21996-6 
22104-3 

222II-6 
22}l8-4 
22424-8 

225 ?o- 8 
22636-4 

22741-5 
22846-3 
22950-6 
2?o54-4 

2ji57*9 
23261-0 

23j6r6 

234^-9 
2?567*7 
23669-2 

2?77o*3 
23871*0 



DIflF. 



24*1 
2?-6 
22-9 

22'4 
21-8 
21-2 

20*7 

20-1 
19-6 
19*0 
i8'5 
i8-o 

17*4 
16-9 

16-4 

15*8 

15*4 
14*8 
14*4 
11-8 

11*3 
12*9 

12*4 
11-9 
11-4 
10*9 
10-5 
lo-o 
09-5 
09-1 
o8*7 
08-2 
07-7 
07-3 
o6-8 
06-4 
06-0 
05-6 
05*1 
04-8 

04-3 
03-8 
o?-5 
03*1 
02-6 
02-3 
01 -8 
01-5 
oi-i 
00-7 



Inches. 



Feet. 



DiflF. 



26-0 
26-1 

26*2 

26-3 

26*4 

26*5 

26-6 

26-7 

26-8 

26-9 

27-0 

27-1 

27-2 

27-3 

27*4 
27-5 

27-6 

27-7 
27-8 
27-9 
28-0 
28-1 
28-2 

28*3 
28-4 
28*5 
28-6 
28-7 
28-8 
28-9 
29-0 
29-1 
29-2 
29-3 
29-4 
29-5 
29-6 
29-7 
29-8 
29-9 
30-0 
30-1 
30*2 
30-3 
30-4 

30-5 
30-6 
?o*7 
30-8 
30.9 
31-0 



2?87l-o 
23971-3 
24071-2 
24170-7 
24269 8 
24J68-6 
24467-0 
24565-1 
24662-7 
24760-0 
24857-0 
24953-6 
25049-8 

25145-7 
25241-2 
255J6-4 
254 ?i* 2 

25525-7 
25619-9 

25713-7 
25807-1 

25900-3 
25593-1 
26085-6 
26177*7 
26269-6 
26361*1 
26452-3 

2654? -2 

26633-7 
26724-0 
26813*9 
26905-5 
26992-8 
27081*9 
27170-6 
27259-0 
27347-1 

274 H*9 
27522*5 
27609-7 
27696-6 

27783-5 
27869-7 

27955-7 
28041-5 
28127-1 

28212-3 
28297-3 
28382-0 
28466-4 



100-3 
99*9 
99*5 
99-1 
98-8 
98-4 
98*1 
97*6 

97*3 
97-0 

96-6 

96*2 

95*9 
95-5 
95*2 
94*8 

94*5 
94*2 

93-8 

93*4 
93*2 
92*8 
92*5 
92* X 
91*9 
91*5 
91-2 
90-9 
90*5 
90*3 
890 
89-6 
89-3 
89-1 
88-7 
88-4 
88-1 
87-8 
87*6 
87-2 
86*9 

86-7 
86*4 
86-0 
85-8 
85*6 
85*2 
850 
84*7 
84-4 
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PART III. 


IV. 


PART V. 
CuREEcnoM Dm TO ins Hkiohi or the 
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